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SUMMARY 


This  report,  prepared  for  USAAVLABS  under  Contract  DAAJ02-68- 
C-0095,  presents  the  results  of  a  preliminary  design  study  and 
an  analytical  investigation  of  noise-reduction  measures  for  the 
0H-58A  Light  Observation  Helicopter.  The  purpose  was  to  estab¬ 
lish  what  degree  of  quieting  is  possible  and  what  penalties  in 
performance  and  mission  capabilities  are  associated  with  the 
application  of  noise-reduction  measures. 

Design  data  are  presented  for  four  configurations.  Two  are 
test/demonstrator  versions  suitable  for  a  10-hour  test  program 
to  verify  the  predicted  noise  reductions.  The  primary  test 
configuration  has  modified  main-  and  tail-rotor  blades,  reduced 
rotor  speeds,  a  four-bladed  tail  rotor,  and  engine-exhaust 
silencers  for  maximum  practical  reduction  in  perceived  noise 
level.  The  alternate  test  configuration  has  main-rotor  blades 
that  are  further  modified  for  additional  noise  reduction. 

On  both  test  configurations,  noise  reduction  degrades  perfor¬ 
mance.  The  quieting  features  result  in  6-  to  14-percent 
increases  in  empty  weight.  If  gross  weight  is  increased  so 
as  to  retain  the  0H-58A's  mission  useful  load,  range  and 
endurance  are  unaffected,  but  hover  ceiling,  maneuvering 
capability,  and  speed  are  degraded.  Reducing  the  fuel  load 
to  preserve  the  hover  ceiling  degrades  endurance  and  range. 
Further  reducing  useful  load  to  improve  speed  and/or  maneu¬ 
vering  capability  increases  hover  ceiling  but  substantially 
reduces  payload,  endurance,  and  range. 

The  other  two  configurations  show  the  redesign  and  the  increase 
in  weight  necessary  to  give  an  operational  LOH  the  performance 
and  payload  of  the  OH-58A.  Their  noise  levels  are  similar  to 
those  of  the  test/demonstrator  versions.  The  quieting  fea¬ 
tures  result  in  15-  to  27-percent  increases  in  empty  weight. 

Perceived  noise  levels  are  affected  by  the  helicopter's  flight 
conditions  and  gross  weight  and  the  observer's  aspect  and  dis¬ 
tance.  Perceived  levels  200  feet  from  the  test  configurations 
at  design  gross  weight  are  at  least  5  PNdb,  and  as  much  as  13 
PNdb,  lower  than  those  of  the  OH-58A.  The  minimum  level  at 
this  distance  is  77  PNdb.  At  4000  feet  the  reductions  are 
greater- -ranging  from  10  to  26  PNdb,  for  a  minimum  perceived 
noise  level  of  28  PNdb.  The  resulting  noise  levels  are  still 
above  the  initial  design  goals  by  12  and  8  PNdb,  respectively. 

Design  data,  performance,  and  noise  levels  for  all  the  study 
configurations  are  summarized  (Tables  XIII  and  XXXIV  through 
XXXVII).  A  program  of  design  modification  and  tests  to  con¬ 
firm  the  predicted  noise  reductions  is  presented. 
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I.  OBJECTIVES  AND  APPROACH 


The  objectives  of  this  study  were  to’  delineate  the  characteris¬ 
tics  and  parameters  that  would  yield  the  highest  practicable 
degree  of  quietness  in  an  operating  light  observation 
helicopter,  and  to  compare  the  predicted  ;  formance  of  the 
quiet  helicopter  with  that  of  an  operating  helicopter  without 
the  quieting  features.  The  helicopter  selected  for  the  study 
is  the  OH-58A.  The  initial  design  objective  was  a  noise  level 
of  65  PNdb  at  a  ground  range  of  200  feet  and  20  PNdb  at  4000 
feet.  The  details  and  the  costs  of  a  10-hour  test  program 
were  also  to  be  determined. 

The  approach  to  the  problem  began  with  a  review  of  state-of- 
the-art  designs  and  techniques  for  noise  reduction.  Data  on 
the  0H-58A  and  the  Bell  Model  206A  were  analyzed  to  determine 
octave-band  and  narrow-bandwidth  sound-pressure  levels.  These 
levels  were  then  compared  with  the  noise  levels  predicted  by  a 
theory  that  had  been  developed  by  Wyle  Laboratories  for  USAAV- 
LABS.  The  theory  includes  the  calculation  of  the  rotational 
noise  that  arises  from  steady  and  oscillatory  aerodynamic 
airloads.  It  has  been  refined  to  include  higher  harmonics 
of  rotational  noise  and  broadband  rotor  noise  and  has  been 
extended  to  the  calculation  of  sound-transmission  losses  and 
perceived  noise  levels.  The  noise  that  had  been  measured  on 
the  0H-58A  and  the  Model  206A  was  compared  with  that  predicted 
by  the  theory,  and  correction  factors  were  used  to  correlate 
the  two.  On  the  basis  of  the  corrected  theory,  means  to  reduce 
the  observed  noise,  to  the  desired  Levels  if  possible,  were 
applied.  In  this  way,  the  theory  was  used  to  predict  the 
changes  in  the  noise  that  would  result  from  altering  the  param¬ 
eters  of  the  helicopter. 

Some  of  the  variations  of  the  OH-58A  that  were  considered  are: 

-  Main  Rotor:  tip  speed,  number  of  blades,  tip  shape, 
diameter,  chord,  thrust 

-  Tail  Rotor:  tip  speed,  tip  shape,  planform,  number  of 
blades,  diameter,  thrust,  chord 

Engine  and  Drive  System:  compartment  treatment, 
exhaust  silencing 

It  was  found  that  all  three  sources  of  noise — the  main  rotor, 
the  tail  rotor,  and  the  engine  and  drive  system--must  be 
treated  to  achieve  the  maximum  of  noise  reduction.  The  design 
must  be  "balanced"  in  such  a  way  that  all  sources  of  noise  are 
quieted.  In  a  practicable,  balanced  modification  of  the 
0H-58A,  the  overall  perceived  noise  levels  are  reduced  the  most 
when  the  tip  speed  of  the  main  rotor  is  reduced  to  600  feet  per 
second  and  that  of  the  tail  rotor  tc  530  feet  per  second,  with 


tail-rotor-tip  modifications  and  an  engine-exhaust  noise 
reduction  of  15  db.  These  are  the  essential  parameters  used 
in  the  design  study  for  the  primary  test  configuration. 

Although  a  method  for  including  the  effects  of  impulsive  and 
modulated  noise  in  the  calculations  was  not  available,  limited 
test  data  show  that  a  modulated  tone  6  db  below  an  unmodulated 
tone  may  give  the  same  effective  perceived  noise  level.  The 
modulated  noise  of  the  0H-58A's  main  rotor  can  be  lowered  by 
6  db  by  reducing  the  tip  speed  to  530  feet  per  second.  By 
using  modified  UH-1  blades,  this  tip  speed  can  be  made  practi¬ 
cable.  Therefore,  on  the  alternate  test  configuration,  such 
blades  are  adapted  to  use  on  the  OH-58A. 

The  basic  conditions  established  for  the  modifications  of  the 
OH-58A  were: 


Maximum  attainable  noise  reduction 
Minimum  practical  cost 
Some  sacrifice  of  maneuverability 
Adequate  safety  and  performance 


Since  the  performance  of  the  configurations  was  expected  to  be 
degraded  by  the  quieting  measures,  two  operational  configura¬ 
tions  were  defined  in  order  to  determine  the  extent  of  the 
redesign  and  the  increase  in  the  weight  that  would  be  necessary 
to  maintain  the  performance,  payload,  and  maneuverability  of 
the  OH-58A.  The  noise  levels  of  the  operational  configurations 
were  to  be  similar  to  those  of  the  test  conf igurations . 

Finally,  a  test  program  to  verify  the  predicted  noise  reduc¬ 
tions  and  to  provide  a  sound  basis  for  noise-reduction  changes 
to  light  observation  helicopters  was  developed. 


II.  NOISE  ANALYSIS  AND  CORRELATION 


A.  INTRODUCTION 

A  comprehensive  noise  analysis  is  developed  which,  when  com¬ 
pared  and  adjusted  to  the  actual  recorded  noise  of  the  OH-58A, 
predicts  with  an  accuracy  of  +4  PNdb  the  perceived  noise 
level.  Noise-reduction  techniques  and  designs,  based  on  a 
study  of  the  technical  literature,  are  applied  to  the  0H-58A. 
The  noise  generated  by  the  projected  quiet  LOH  is  then  compared 
with  that  of  the  OH-58A. 

The  noise  analysis  is  comprised  of  both  measured  data  and 
theoretical  predictions  and  was  performed  at  Bell  Helicopter 
Company,  except  for  theoretical  work  done  by  Wyle  Laboratories, 
Huntsville,  Alaban.a,  under  subcontract  to  BHC.  This  analysis 
treats  three  sources  of  noise:  the  main  rotor,  the  tail 
rotor,  and  the  engine/drive  system. 

B.  PROBLEM  AREAS 

Problem  areas  pertinent  to  the  interpretation  and  evaluation 
of  the  subject  study  are  outlined  below  and  are  discussed  in 
more  detail  in  later  sections. 

-  Perceived  Noise  Level  Calculation 

Noise  levels  are  calculated  using  the  procedure 
established  by  Kryter  and  PearsonsI  to  obtain  the 
perceived  r.oise  level  in  PNdb.  The  use  of  these 
procedures  results  in  some  potential  errors.  The 
noy  tables  do  not  include  the  two  lowest  preferred 
octave  bands.  Since  the  low  rotational-noise 
harmonics  of  the  0H-58A  main  rotor  fall  into  these 
octave  bands,  extrapolations  are  necessary.  The 
extrapolated  values  are  given  in  the  test.  In 
addition,  errors  inherent  in  the  noy  tables  become 
significant  when  evaluating  relatively  low  values 
of  PNdb,  such  as  helicopter  far-field  conditions. 

For  example,  the  lowest  obtainable  value  using  this 
method  is  23.2  PNdb  compared  with  the  target  design 
value  of  20.0  PNdb. 

-  Noise  Correlation  for  Entire  Helicopter 

In  establishing  the  correlation  between  measured  and 
calculated  perceived  noise  levels  for  the  complete 
helicopter,  empirical  adjustments  are  required. 

Factors  not  explicitly  accounted  for  in  the  analytical 
procedures  which  could  contribute  to  this  requirement 
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inflow  disturbances  to  the  tail  rotor,  and 
main-rotor  and  tail-rotor  interference 
noise  at  forward  airspeeds 


wake  and  tip-vortex  disturbances  from 
preceding  blades 

increase  in  engine  noise  with  power 

These  are  the  factors  to  which  it  is  most  diffi¬ 
cult  to  ascribe  meaningful  results. 

Sound  Directivity  Effects 

Rotational  and  broadband  noise  produce  a  dipole 
pattern  with  nodes  or  seminodes  occurring  in  the 
plane  and  along  the  axis  of  the  rotor.  Thus, 
according  to  theory ,  an  observer  in  the  plane  of 
the  rotor  would  be  subjected  to  relatively  low 
noise.  Correlation  work  has  shown  that  the  theory 
does  not  accurately  predict  the  sound-pressure  level 
in  these  regions.  Since  noise -level  calculations 
in  these  regions  are  required,  this  discrepancy  has 
significant  implications  with  regard  to  the  correla¬ 
tion  studies. 

C.  ROTOR  NOISE 

The  procedure  used  in  the  development  of  the  calculation  of 
helicopter  rotor  noise  is  given  in  Table  1.  The  numbered 
steps  relate  to  the  flow  chart  in  Figure  1  and  are  discussed 
below . 

1 .  Rotational  Noise 

The  calculation  of  rotational  noise  is  based  on  the  theory 
developed  by  Lowson  and  Ollerhead^  and  considers  both  steady 
and  oscillatory  airloads  acting  on  the  rotor  blades.  The 
calculation  also  includes  a  method  to  estimate  the  harmonic 
airloads.  Rotational  noise  is  calculated  in  four  steps: 

First,  the  amplitudes  of  discrete-frequency 
rotat ional -noise  harmonics  are  calculated  up 
to  the  frequency  of  the  harmonic  whose  number  is 

m  =  60/BC1  +  Me)  (1) 

Second,  the  amplitudes  are  calculated  for  those 
higher  harmonics  necessary  to  accurately  predict 
the  sound- pressure  level  in  the  octave  band  whose 
center  frequency,  fc,  is  closest  to  the  frequency 
of  the  harmonic  whose  number  is  m  =  60/b(1  +  Me)- 


TABLE  I.  STEPS  IN  DEVELOPMENT  OF 
ROTOR-NOISE  CALCULATION 


L.  Calculation  of  rotational-noise  harmonic  levels 
through  m  =  60/B(l+Me)  (Equations  2  through  j.3) 

2.  Prediction  of  harmonic  levels  above  m  =  60/B(l4Me) 

3.  Subtraction  of  atmospheric  and  terrain  losses  from 
the  calculated  sound -pressure  levels  (Equations  18, 

19,  20,  and  21) 

4.  Calculation  of  octave-band  levels  for  rotational 
noise 

5.  Calculation  of  peak  level  ■<  '  ..  adband  noise 
(Equation  14) 

6.  Calculation  of  characteris cic  center  frequency  of 
broadband  noise  (Equation  15) 

7.  Calculation  of  directivity  correction  for  broadband 
ncise  (Equation  17) 

8.  Calculation  of  spectral  distribution  of  broadband 
noise  (Equation  16) 

9.  Correlation  with  narrow-bandwidth  analyses  of 
OH-58A  hover  data 

10.  Determination  of  power-law  exponent,  correlation  length 

11.  Calculation  of  octave-band  levels  for  combined  noise 

12.  C  aversion  of  octave-band  levels  to  perceived  noise 
level  (Equations  22,  23,  and  24  and  Table  III,  plus 
noy  tables^-) 

13.  Correlation  with  0H-5BA  hover  and  flyover  data 


14.  Addition  of  empirical  adjustments  for  noise  level  of 
entire  aircraft  (Table  VII) 


Third,  the  octave-band  levels  of  rotational  noise 
are  computed  for  bands  up  to  and  including  the 
band  containing  f c • 

Fourth,  levels  in  all  higher  octave  bands  are 
calculated  on  the  basis  of  the  level  in  the  band 
containing  fc. 

a.  Harmonic  Levels  up  to  m  =  60/B(l  *  MA) 

The  specific  equations  used  by  Lowson  and  Ollerhead  for  the 
sound -pressure  amplitude,  Cm ,  due  to  the  steady  and  oscillatory 
thrust,  drag,  and  radial  forces  acting  on  a  blade  are 

Cn,  *  j0^/<an.B,X>2  *  (b»B,»’2  <2:> 

where,  when  mfl-A  is  odd, 


mB ,  A  47ta 


r^~  ( JmB*».*i:JniBM -l)}J 

[mB-X-1  \ 
(-1)'  1  (3 


and  when  mB-\  is  even, 
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+  IFj“  {  JmB-X-fl'JmB-X-l+(~1)  ( JmB+\-i-l"JmB+X -l)}j 
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where,  when  mB-\  is  even, 
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and  when  mB-\  is  odd, 
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This  is  the  magnitude  of  the  sound  pressure  of  the  mth  har¬ 
monic  from  the  complex  magnitude  given  by  Lowson's  and 
Ollerhead’s  Equation  37.  The  effective  Mach  number  is  given 
by 


Me  =  riMt 


and  the  limiting  value  for  the  summation  is  given  by 

L  =  mB ( 1 +M  ) 
e 


(7) 


(8) 
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The  argument  of  all  the  Bessel  functions  is  mBMey/r^. 

Equations  2  through  6  show  that  a  wide  range  of  aerodynamic 
loading  harmonics  contributes  to  any  one  sound  harmonic. 

In  fact,  the  higher  the  sound  harmonic,  the  greater  the 
number  of  the  aerodynamic  harmonics.  The  theory  assumes  that 
the  blade  loads  are  concentrated  at  a  single  point  on  the 
blade,  and  that  chordwise  airload  variations  are  of  importance 
only  for  source  frequencies  having  wavelengths  that  are  small 
compared  with  a  blade  chord. 

The  amplitude  of  the  aerodynamic  loading  terms  in  Equations 
3  through  6  is 


a>.  ,(T,D,C) 
b>  ,<T,D,C) 


=  (T,D,C)lcA 
=  (T,D,C)lc> 


-k  . 

cosA<}) 

(9) 

-k  . 
sinA4; 

(10) 

where  T,  D,  and  C  are  the  steady  values  of  total  rotor  thrust, 
total  effective  drag  of  all  blades,  and  radial  force  at  an 
effective  blade -loading  station  tj ,  respectively ;  A  is  the 
order  of  the  loading  harmonic;  lc  is  a  correlation  length;  and 
k  is  the  exponent  of  the  power  law.  Values  for  n,  lc,  and  k 
are  determined  by  correlation  studies. 

The  angle,  Af ,  is  given  by 


A <t>  =  Aarc  tan 


-Y 


-X  cos  l. 


Z  sin  i. 


(11) 


and  the  values  of  D  and  C  are  calculated  from 


D  =  Q/R  (12) 

C  =  Tsinp  (13) 


b.  Harmonic  Levels  Greater  Than  m  =  60/B(l+M  ) 

- — — - — - £_ 

A  method  was  developed  to  predict  harmonic  noise  levels  above 
the  limiting  value  of  m  =  60/BCl+Mc).  Instead  of  calculating 
each  harmonic,  the  total  sound-pressure  level  of  harmonics 
within  a  given  octave  band  is  computed.  The  octave-band  levels 
are  then  assumed  to  follow  the  same  power-law  exponent  as  used 
in  computing  the  low  harmonics. 


c .  Calculation  of  Octave-Band  Levels 


Octave-band  levels  of  rotational  noise  are  computed  from  the 
levels  of  the  discrete-frequency  sounds,  assuming  a  filter 
shape.  The  assumed  shape  is  shown  in  Figure  2. 
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FREQUENCY  -  Hz 


Figure  2.  Assumed  Filter  Shape  for  Octave -Band -Level 
Calculation. 
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The  upper  and  lower  cutoff  frequencies,  fuj  and  fij,  at*® 
taken  to  be  the  3-db-down  points;  fcj  is  the  center  frequency 
of  the  jth  octave  band,  and  the  filter  skirts  are  assumed  to 
drop  off  at  -24  db  per  octave.  The  harmonics  falling  in  the 
flat  portion  of  the  filter  are  unaltered.  Those  falling  out¬ 
side  this  flat  portion  are  attenuated  an  amount  determined  by 
their  frequency  in  relation  to  the  center  frequency  of  the 
band  and  the  filter  shape. 

The  assumed  filter  shapes  for  the  eight  preferred  octave  bands 
are  shown  in  Figure  3.  The  number  of  sound  harmonics  necessary 
to  accurately  calculate  the  level  of  an  octave  band  centered  at 
fc  is  equal  to  the  sound  harmonic  number  whose  frequency  is 
equal  to  iJT  (fc).  At  this  frequency,  the  relative  level  is 
-27  db  compared  to  the  flat  portion  of  the  filter,  and  the 
contribution  of  harmonics  higher  than  this  frequency  is 
negligibly  small. 

2 .  Broadband  Noise 

It  was  found  early  in  the  development  of  the  noise  analysis 
that,  although  rotational  noise  was  rigorously  treated,  it  was 
necessary  to  include  broadband  noise  in  order  to  correlate 
measured  and  calculated  main-rotor  noise.  In  the  calcula¬ 
tion  of  perceived  noise  level,  it  was  also  found  that 
main-rotor  broadband  noise  results  in  the  maximum  noy  values 
attributed  to  the  main  rotor,  not  only  for  noise  at  a  ground 
range  of  200  feet  but  also  at  a  range  of  4000  feet.  Because 
of  the  importance  of  this  to  the  results  of  the  study,  the 
validity  of  existing  broadband-noise  prediction  methods  was 
reviewed,  and  new  formulas  for  center  frequency,  spectral 
distribution,  ar.d  directivity  were  derived  and  included  in  the 
prediction  method.  The  derivations  were  performed  by  Lowson.^ 
The  principal  equations  for  broadband-noise  calculation  are 
discussed  below. 

a .  Peak  Sound- Pressure  Level 

The  calculation  of  the  peak  sound- pressure  level  of  broadband 
noise  is  based  on  an  empirical  equation  given  by  Schlegel 
et  al.4  For  a  range  of  500  feet  and  an  angle  of  20  degrees 
below  the  rotor  axis,  this  equation  is 

^500  ~  20  l°S^gVt  ♦  20  log^gT  -  10  logS^  -  43  (14) 

where  is  the  tip  speed,  T  is  the  thrust,  and  is  the  blade 
area.  Levels  at  other  distances  are  calculated  assuming 
spherical  spreading  of  sound. 
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b.  Characteristic  Center  Frequency 


The  center  frequency,  which  is  the  frequency  at  which  the 
peak  sound- pressure  level  occurs,  is  given  by 

f0  =  Vt/KR  (15) 

where  R  is  the  rotor  radius,  V(-  is  the  tip  speed,  and  K=  0.035. 


c .  Spectral  Distribution 


The  peak  sound- pres sure  level  is  multiplied  by  a  spectrum 
shape  factor,  Sm,  to  calculate  octave-band  levels.  The 
spectrum  shape  factor  is 


1  +  (l*Mt)2 

f  2 
r2 

1  +  <1-Mt)2 

h2| 

1  +  (1-Mt)2 

1  +  CH-Mt)2 

2 

:  \~2 

/ 

ini 

-  * 

>Mt/ 

(16) 


where  f^  and  f2  are  the  octave-band  frequency  limits  divided 
by  the  center  frequency,  f0,  and  Mt  is  the  rotational  tip 
Mach  number.  Equation  16  shows  that  the  spectrum  broadens  as 
the  Mach  number  is  increased. 


d.  Directivity 

Broadband  noise  is  maximum  on  the  axis  perpendicular  to  the 
rotor  plane  and  minimum  in  the  plane  of  rotation.  If  a  dipole 
distribution  is  assumed,  a  null  or  zero  noise  is  predicted  in 
the  plane  of  rotation.  This  null  can  be  removed,  and  the 
directivity  can  be  accounted  for  by  adding  an  increment  in 
level,  d,  in  decibels,  calculated  by 

2 

cos  e  +  o.i 
- * - 

cos  70°  +  0.1 

where  G  is  the  angular  position  of  the  observer  from 
axis.  This  increment  is  normalized  to  the  20-degree 
position  to  allow  direct  use  of  Equation  14  with  the 
tivity  term  simply  added. 

D.  ENGINE  AND  DRIVE -SYSTEM  NOISE 

1 .  Introduction 

Experimental  data  were  used  to  determine  engine  and  drive - 
system  sources  which  would  require  noise -reduction  treatments. 
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Ground  tiedown  tests  were  conducted  and  narrow-band  frequency 
analyses  were  made  in  order  to  find  sources  that  would  produce 
levels  high  enough  to  add  significantly  to  the  perceived  noise 
level. 

2 .  Noise  Sources 

Noise  spectra  of  the  Allison  Model  T63-A-5A  engine  installed 
in  a  Bell  Model  206A  helicopter  are  shown  in  Figures  4  and  5 
for  azimuth  positions  \|i  =  0  and  150  degrees,  respectively. 

The  installation  is  nearly  identical  to  that  of  the  OH-58A 
except  that  inertial  dust  separators  are  not  installed  in  the 
206A  inlet.  Drive  shafts  forward  of  the  engine  and  aft  of  the 
fan  were  removed  for  the  test. 

The  major  noise  sources  are  generally  broadband  in  character, 
but  there  are  also  discrete-frequency  tones.  At  low  frequen¬ 
cies,  there  is  in  evidence  a  tone  at  a  frequency  of  about  100 
Hertz  which  is  the  fundamental  of  the  engine  output  rpm.  Its 
source  is  not  explicitly  known,  but  it  is  either  the  engine- 
transmission  output  gear  or  shaft,  the  shaft  and  bearings 
between  the  engine  and  the  engine -transmission  oil-cooler  fan, 
or  the  fan.  Broadband  noise  emanating  from  the  engine  exhaust 
peaks  at  a  frequency  of  about  270  Hertz  and  at  about  1200 
Hertz.  Levels  of  these  sources  are  high,  with  maximum  ampli¬ 
tudes  occurring  aft . 

Between  the  peaks  of  exhaust  noise  is  another  source  at  600 
Hertz.  This  noise  is  broadband  in  character  to  the  front  and 
sides  of  the  helicopter,  but  it  is  a  discrete  tone  aft  of  the 
helicopter.  The  probable  origin  is  either  the  engine  exhaust 
or  the  exiting  flow  of  the  oil-cooler  fan.  At  high  frequen¬ 
cies,  the  principal  tones  in  evidence  are  at  3400  Hertz  and 
between  8000  and  16,000  Hertz.  The  3400-Hertz  tone  is 
associated  with  the  oil-cooler  fan's  vane  passage,  and  the 
latter  peaks  are  associated  with  engine-compressor  blade- 
passage  fundamental  tones  and  harmonics. 

Other  drive-system  noise  sources  which  have  been  identified 
are  the  gear  contacts  of  the  main-transmission  planetary  gears, 
the  main-transmission  input-drive  pinion,  and  the  engine- 
transmission  power-output- shaft  gear.  At  a  distance  of  100 
feet,  these  sources  are  attenuated  by  the  cowling  and  masked. 

If  engine -exhaust  noise  is  substantially  reduced,  however, 
these  sources  may  become  important  at  short  distances.  There¬ 
fore,  provisions  for  evaluation  of  their  contribution  and 
possible  cowling  treatment  are  desired  in  the  test  aircraft. 

Other  aspects  of  engine  noise  which  have  been  investigated 
are  the  effect  of  rpm  and  engine  power.  At  flight-idle 
power,  reducing  engine  rpm  to  50  percent  reduces  engine  noise 
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by  7  to  8  PNdb.  No  significant  increase  in  engine  noise  is 
evident  for  variations  of  engine  power.  In  addition,  the 
basic  frequency  distributions  shown  in  Figures  4  and  5  do 
not  substantially  change. 

3 .  Combined  Noise 

In  the  calculation  of  the  combined  noise  of  the  helicopter, 
the  prediction  method  uses  octave-band  sound-pressure  levels 
of  engine  and  drive-system  noise  as  measured  on  the  ground  at 
a  distance  of  100  feet  from  the  helicopter.  The  engine  is 
at  98  percent  of  normal  output  rpm  and  at  flight-idle  power 
setting.  The  levels  are  corrected  for  sound-transmission 
losses  to  the  retarded  distance  of  the  helicopter.  The 
measured  noise  levels  are  shown  in  Table  II  for  fifteen 
bearings  around  the  helicopter.  The  azimuth  distribution  of 
engine  noise  is  presented  in  Figure  6. 

C.  SOUND-TRANSMISSION  LOSSES 

Five  effects  attenuate  or  modify  the  sound  that  actually 
reaches  a  ground  listener: 

Spherical  spreading 

-  Atmospheric  absorption 

Refraction  due  to  wind  and  temperatu~e  gradients 

-  Ground-cover  attenuation 
Turbulen*  scattering 

The  prediction  method  includes  calculations  of  four  of  these 
effects.  Of  these,  spherical  spreading  and  atmospheric 
absorption  are  the  largest.  Atmospheric  absorption  has  the 
greatest  variation  with  frequency  and  the  largest  effect  on 
high-frequency  noise  at  long  range.  Ground-cover  attenuation 
is  significant,  but  only  at  low  elevation  angles  of  the  source 
relative  to  the  observer. 

1 .  Spherical  Spreading 

The  helicopter  is  considered  to  be  a  point  source,  and  its 
total  sound  power,  radiated  through  an  expanding  spherical 
wave  front,  is  taken  to  be  constant  over  the  sui'face  of  the 
sphere.  This  is  considered  to  be  valid  in  the  far  fit  Id, 
at  sufficiently  large  distances  from  the  helicopter  in  the 
air  and  out  of  ground  effect.  For  an  ideal  medium,  tne 
change  in  sound -pres sure  level,  iSPL,  is 

R2 

ASPL  =  -20  logIQ  —■  (18) 
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Engine  installed  on  Model  206A,  tied  down,  main  and  tail  rotors  disconnected 
flight  idle,  98%  N_  100-ft  distance. 


between  any  two  distances,  such  as  R^  and  R2 .  In  the  pre¬ 
diction  method,  retarded  distances  are  used.  For  a  doubling 
of  distance  from  a  helicopter  in  a  hover,  the  equation  gives 
a  sound-pressure-level  reduction  of  6  db. 

2 .  Atmospheric  Absorption 

Attenuation  of  sound  waves  due  to  absorption  by  the  air  is 
composed  of  two  parts:  classical  absorption  due  to  viscous 
and  heat-conduction  effects  and  molecular  absorption.  Of 
these  two,  only  molecular  absorption  is  important  in  the 
audible  frequency  range,  classical  absorption  being  about  an 
order  of  magnitude  less  than  molecular  absorption  at  10,000 
Hertz . 

Sutherland  et  al®  give  an  expression  for  molecular  absorption 
based  on  experimental  data  and  theory  discussed  by  Wiener  and 
Keast°  and  by  Kneser.  For  sea -level -standard  conditions 
of  59 °F  temperature,  14.7  psi  pressure  and  50  percent  relative 
humidity,  this  expression  is 


d 


mol 


=  292.0 


R» 

IW 


(4.81  x  10' 


•6f)2, 


-9  2 

L .43  x  10  yf 


1  ♦  7.14  x  10* 8f2. 


1/2 
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where  a'mo^  is  the  molecular  absorption  in  -db,  R1  is  the 
distance  from  the  observer  to  the  retarded  position  of  the 
helicopter,  and  f  is  the  frequency  of  the  sound. 

3.  Ground-Cover  Attenuation 

To  date,  the  most  definitive  data  gathered  under  accurately 
measured  atmospheric  conditions  appear  to  be  those  presented 
by  Wiener  and  Keast  and  the  preliminary  data  presented  by 
Guest  and  Adams.®  The  excess  attenuation  for  downwind 
propagation  is  presented  in  Figure  7.  These  data  have  been 
corrected  to  remove  the  effects  of  spherical  spreading  and 
.molecular  absorption. 

The  data  are  approximated  by  the  equations 

a  =  0,  for  fr  <  4  x  108  Hz-ft  C20) 

O 

and 

a  =  10  iog,n  — — r  for  fr  H  x  108  Hz-ft  (21) 

g  4  x  103 


There  are  differences  in  the  300-  to  600-Hertz. band  where 
some  measurements  show  a  substantial  increase  in  excess 
attenuation  at  low  values  of  fr.  They  may  have  some 
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EXCESS  ATTENUATION 


relationship  to  heights  of  the  source  and  the  microphone 
above  the  surface  or  to  variations  in  ground  impedance  with 
frequency . 

4 .  Turbulence  Scattering 

The  propagation  of  sound  waves  is  influenced  by  small-scale 
turbulence  in  the  atmosphere  through  a  process  of  refraction. 
The  main  effect  is  to  fill  in  gaps  in  the  sound  directivity 
patterns  by  refracting  sound  into  the  dead  regions.  The 
approach  taken  is  to  consider  this  effect  only  at  radiation 
angles  slightly  above  the  rotor  disc,  where  1  sharp  reduction 
in  directivity  is  theoretically  predicted  for  low-order  sound 
harmonics . 

F.  PERCEIVED  NOISE  LEVEL 


Calculation  of  the  perceived  noise  level  is  based  on  the  pro¬ 
cedure  and  tables  given  by  Kryter  and  Pearsons. ^  Their  tables 
do  not  extend  below  50  Hertz,  and  since  the  low  main-rotor 
harmonics  occur  beLow  this  frequency,  it  is  necessary  to 
extrapolate  the  noy  values  for  the  two  octave-bands  centered 
at  16  and  31.5  Hertz.  These  extrapolations  are  shown  in 
Figure  8,  and  the  noy  values  derived  from  these  curves  are 
given  in  Table  III. 


The  perceived  noise  level  is  calculated  by  converting  the 
sound-pressure  level  in  each  octave  band  to  its  corresponding 
noy  value  (N^).  The  quantity  Nj  is  then  defined  by  the 
relation 


where  N^x  is  the  largest  noy  value  for  all  the  octaves 
(largest  value  of  N^). 


The  ten  preferred  octave  bands  having  center  frequencies 
from  16  to  8000  Hertz  are  used.  The  perceived  noise  level 
(PNL)  may  be  obtained  from 


PNL  =  40  +  33.3  log1Q  Nx  ,  for  NT  >1.0  (23) 

and 

PNL  =  L6.1  Nt  +  23.2  ,  for  Nt  <1.0  (24) 

Equation  24  is  obtained  from  Figure  9,  which  shows  the  exten¬ 
sion  of  perceived  noise  level  for  values  of  Nj  less  than  1.0. 
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TABLE  III.  EXTRAPOLATED  NOY  VALUES  FOR  OCTAVE  BANDS 
CENTERED  AT  16  AND  31.5  HERTZ 


Sound  - 
Pressure 
Level 

(db)* 

Octave 

(Hz) 

16 

31.5 

90 

3.2 

8.3 

91 

3.6 

9.0 

92 

4.1 

10.0 

93 

4.7 

11.0 

94 

5.3 

12.0 

95 

6.0 

13.0 

96 

6.6 

14.0 

97 

7.4 

15.0 

98 

8.3 

16.0 

99 

9.2 

18.0 

100 

10.0 

19.0 

101 

11.0 

21.0 

102 

12.0 

22.0 

103 

13.0 

24.0 

104 

14.0 

26.0 

105 

15.0 

28 .0 

106 

16.5 

30.0 

107 

18.0 

32.0 

108 

19.0 

35.0 

109 

20.0 

37.0 

110 

22.0 

40.0 

111 

24.0 

42.0 

112 

26.0 

45.0 

113 

28.0 

48.0 

114 

30.0 

52.0 

'.15 

32.0 

56.0 

116 

34.0 

60.0 

117 

36.0 

64.0 

118 

38.0 

68.0 

119 

40.0 

72.0 

120 

43.0 

77.0 

Sound- 
Press  are 
Level 
(db)* 


Octave 

(Hz) 


*re  0.0002  dyne/cm 


Nx  -  NOYS 

Figure  9.  Extension  of  Perceived  Noise  Level  for 
Nx  Less  Than  1.0. 


Figure  9  also  shows  that  when  N<j>  is  zero,  the  perceived 
noise  level  is  23.2  PNdb.  By  definition,  a  noy  value  of  zero 
is  equal  to  zero  R$db.  Thus,  the  perceived  noise  level 
calculation  is  invalid  below  23.2  PNdb. 

Since  the  lowest  noy  value  in  Kryter  and  Pearson's  tables  is 
0.1,  the  minimum  value  obtainable  for  this  study  is  25.0 
PNdb.  This  is  adequate  in  the  sense  that  the  ambient  noise 
in  most  remote  areas  will  exceed  these  low  levels,  but  this 
method  negates  the  possibility  of  calculating  the  desired 
perceived  noise  level  of  20  PNdb. 

G.  CORRELATION 

The  noise  analysis  predicts  the  noise  of  the  OH-58A  in  hover 
or  in  steady-state  forward  flight  at  an  altitude  of  200  feet 
above  ground  level  to  within  an  accuracy  of  ±4  PNdb  measured 
at  a  ground  range  of  200  feet  from  the  helicopter.  Within  the 
limitations  of  the  available  test  data  and  of  current  tech¬ 
niques  to  test  and  to  isolate  noise  of  each  source  in  a  complex 
sound  field,  this  analysis  should  satisfactorily  estimate 
OH«58A  noise  at  a  ground  range  of  4000  feet ,  and  should  give  a 
reasonably  accurate  comparison  of  OH-58A  noise  with  that  of 
the  quiet  helicopter. 

This  section  presents  comparisons  between  calculated  noise  data 
and  two  sets  of  measured  data.  The  first  set  consists  of  data 
measured  while  the  OH-58A  hovered  and  flew  over  and  by  the 
microphone  at  an  altitude  of  200  feet.  The  second  set  consists 
of  measurements  of  a  Bell  Model  206A  helicopter  on  tiedown. 

1 .  Noise  Measurements 

Hover,  flyover,  and  flyby  data  were  recorded  at  four  headings 
of  the  helicopter  as  shown  in  Figure  10:  0  degrees  (head-on), 

90  degrees  (left  side),  180  degrees  (aft),  and  270  degrees 
(right  side).  Hover  recordings  were  taken  for  time  periods 
of  10  to  20  seconds  while  the  helicopter  was  in  a  steady-state 
hover,  except  for  control  movements  required  to  maintain  the 
helicopter  over  the  spot.  The  noise  produced  during  steady- 
state  flyovers  and  flybys  was  recorded  at  airspeeds  of  45, 

102,  and  113  knots  and  a  gross  weight  of  2960  pounds.  Table 
IV  shows  the  OH-58A  overall  and  octave-band  sound-pressure 
levels  measured  during  these  tests. 

During  tiedown  tests  of  the  Model  206A,  noise  measurements 
were  made  of  the  engine,  the  main  rotor  and  engine,  the  tail 
rotor  and  engine,  and  the  complete  helicopter.  The  objectives 
of  these  tests  were  to  isolate  the  various  noise  sources  and 
to  check  the  predicted  noise  trends  for  each  source,  particu¬ 
larly  with  respect  to  tip-speed  reduction.  At  the  same  time, 
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Figure  10.  Microphone  Location  and  Azimuth  Headings  for 
Hover  and  Flyover  Noise  Measurements. 
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these  tests  provided  a  means  for  defining  the  contribution  of  1 

the  engine  to  the  complete  noise.  Tests  were  conducted  with  j 

very  low  wind  conditions  (0  to  3  mph)  and  very  low  background  | 

noise  levels.  Measurements  were  made  for  a  variety  of  con-  } 

ditions,  including  zero  to  normal  thrust  of  the  main  and  tail  j 

rotors,  and  at  different  azimuth  positions  around  the  j 

helicopter.  * 

Six-percent  narrow-bandwidth  analyses  of  these  data  were  made. 

Figure  11  shows  the  frequency  spectrum  of  the  main  rotor  and  I 

engine.  Rotational-noise  harmonics  dominate  the  low  end  of  j 

the  spectrum.  Harmonics  up  to  the  ninth  can  be  identified.  i 

The  remainder  of  the  spectrum  consists  of  broadband  noise 
components.  The  component  centered  at  about  270  Hertz  is  | 

primarily  engine -exhaust  noise.  j 

Figure  12  shows  a  similar  narrow-bandwidth  analysis  of  the  j 

tail-rotor-and-engine  noise  data.  Rotational-noise  harmonics 
up  to  the  seventh  can  be  identified.  The  o+rher  harmonics  are 
masked  by  engine -exhaust  noise.  J 

i 

2 .  Comparisons  Between  Measured  and  Calculated  Noise 
a.  Main  Rotor 

The  measured  and  calculated  levels  of  main-rotor  rotational - 
noise  harmonics  are  compared  in  Figure  13.  Good  correlation 
is  achieved  up  to  the  eleventh  harmonic.  Above  the  eleventh 
harmonic,  the  increase  in  measured  harmonic  levels  is  not 
predicted.  One  reason  for  this  is  the  presence  of  other  noise 
components  in  this  frequency  range,  notably  main-rotor  broad¬ 
band  noise,  which  adds  to  the  levels  of  these  high  harmonics. 

The  calculated  rotational-noise  levels  of  the  main  rotor  are 
based  on  the  following  parameters: 

k  =  2.5 


r)  =  0.8 

where  k  is  the  loading  power-law  exponent,  lc  is  the  correla¬ 
tion  length,  and  r)  is  the  point  loading  station. 

The  theory  predicts  reasonably  well  the  variation  of  main- 
rotor  rotational  noise  with  tip  speed.  This  is  shown  in 
Figure  1.4.  The  measured  noise  harmonics  are  summed  and  com¬ 
pared  with  those  calculated.  The  predicted  rate  of  noise 
decrease  with  tip  speed  is  verified  by  the  measured  data. 
However,  theoretical  predictions  of  the  absolute  levels  are 
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Figure  II.  hain-Rotor  and  Engine  Noise  Spectra  at  *1*  =  u°. 
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approximately  11  db  too  low.  This  was  found  at  small  angles 
relative  to  the  rotor  plane. 

The  variation  rotor  broadband  noise,  which  is  most 
important  for  the  mair  rotor,  was  not  determined  because  of 
problems  in  distinguishing  it  from  engine  noise.  The  analysis 
that  couLd  be  made  indicates  that  its  magnitude  directly 
beneath  the  rotor  (in  an  overhead  hover)  is  underestimated, 
but  that  its  order  of  magnitude  at  angles  of  45  degrees  and 
at  0  degrees  (in  the  plane  of  the  rotor)  is  about  the  same 
as  theory  predicts.  No  gross  errors  were  determined  in  its 
variation  with  tip  speed,  but  the  data  are  not  conclusive. 

b.  Tail  Rotor 

Figure  15  shows  a  comparison  of  measured  and  calculated  tail- 
rotor  rotational -noise  harmonics  for  positions  forward  and 
aft  of  the  helicopter.  The  major  characteristic  of  tail -rotor 
noise  is  that  the  measured  harmonic  levels  do  not  decrease 
uniformly  as  predicted.  This  may  be  caused  by  inflow  dis¬ 
turbances  from  the  main  rotor  and  by  the  proximity  of  the  tail 
boom  and  fin.  One  important  area  where  the  correlation  is 
seen  to  break  down  is  in  the  prediction  of  the  second  har¬ 
monic,  which  is  higher  by  an  average  of  2  db  than  the  first 
and  is  5  to  6  db  above  the  calculated  level. 

The  irregular  falloff  in  harmonic  level  is  more  pronounced  at 
the  sides  of  the  helicopter,  as  shown  in  Figure  16.  The  cal¬ 
culated  levels  represent  a  reasonable  compromise. 

The  calculated  rotational -noise  levels  of  the  tail  rotor  are 
based  on  the  following  parameters: 

k  =  2.0 


"n  =  0.9 

The  value  of  T)  =  0.9  is  used  for  the  tail  rotor  to  take  into 
account  the  effects  of  untwisted  blades.  Untwisted  blades 
tend  to  be  loaded  more  heavily  toward  the  tips  than  twisted 
blades;  consequently,  the  point  loading  station  for  tail 
rotors  is  assumed  to  be  further  oocboard  than  for  main  rotors. 

As  in  the  case  for  a  main  rotor,  the  theory  Dredicts  reasonably 
well  the  variation  of  tail-rotor  rotational  noise  with  tip 
speed.  This  is  shown  in  Figure  17.  For  v|/  =  150°,  the  pre¬ 
dicted  levels  are  within  3  db  of  the  measured  levels  for 
normal  hovering  thrust.  However,  at  low  thrust,  theory 
underestimates  tail-roto"  noise  by  approximately  14  db. 
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Figure  16.  Tail-Rotor  Rotational -Noise  Correlat 
to  Sides  of  Hovering  0H-58A  Helicopt 
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c .  Complete  Helicopter 

Measured  octave-band  sound-pressure  levels  of  the  OH-58A  are 
compared  in  Figures  18  through  23  with  the  total  calculated 
levels  for  the  main  and  tail  rotors.  Engine  noise  and 
empirical  corrections  are  not  included.  The  perceived  noise 
levels  calculated  from  these  data  are  also  shown.  For  hover 
and  \j-  =  0  degrees,  Figure  18  shows  that  the  calculated  levels 
agree  with  the  measured  levels  for  the  fourth  through  the 
eighth  octaves.  Main-rotor  noise  in  the  first  octave  is 
underestimated  by  about  5  db.  Tail-rotor  noise  in  the  second 
and  third  octaves  is  underestimated  by  6  to  9  db.  However, 
the  measured  and  calculated  perceived  noise  levels  agree 
within  ±1  PNdb,  because  the  perceived  no'se  level  at  this 
distance  is  determined  by  the  noise  in  the  high  octaves,  where 
measured  and  calculated  levels  correlate  well.  At  \i  =  90  and 
270  degrees,  Figures  19  and  20,  respectively,  theory  also 
underestimates  the  noise  of  the  tail  rotor.  In  addition,  it 
underestimates  high-frequency  noise  at  U1  =  90  degrees,  but 
overestimates  it  at  i'  =  270  degrees. 

Noise  comparisons  are  given  in  Figures  21,  22,  and  23  for  fly¬ 
over  airspeeds  of  45,  102,  and  113  knots,  respectively.  Calcu¬ 
lated  and  measured  sound-pressure  levels  do  not  compare  very 
well.  The  noise  levels  in  the  octave  bands  centered  at  250, 
500,  and  1000  Hertz  are  underestimated  by  as  much  as  17  db. 
Similarly,  main-rotor  rotational  noise  in  the  octave  bands 
centered  at  63  and  125  Hertz  is  underestimated  by  as  much  as 
9  db.  The  perceived  noise  levels  reflect  this  discrepancy  to 
some  degree,  but  they  indicate  a  difference  of  only  about 
9  PNdb  for  the  worst  case . 

3 .  Empirical  Corrections 

In  establishing  correlation  of  the  analytical  approach  with 
the  measured  noise  level,  it  was  found  that  significant 
adjustments  were  required.  Several  factors  that  are  not 
accounted  for  in  the  theory  could  make  these  adjustments 
necessary  (Section  II. B)  : 

InfLow  disturbances  to  the  tail  rotor 

Main-rotor  and  tail-rotor  interference  noise 
at  forward  speeds 

Rotor-vortex  interference  from  preceding  blades 

Increase  in  engine  noise  with  increase  V  power 

Considerable  effort  was  expended  in  evaluating  this  discrep¬ 
ancy  and  in  determining  empirical  correlation  factors. 

To  obtain  analytical  correlation  with  measured  data  in  forward 
flight  at  200  feet,  by  making  corrections  to  the  rotor  source 
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O  MEASURED 


Figure  22.  OH-58A  Forward-Flight  Noise  Correlation  at  102  Knots. 


FREQUENCY  -  Hz 

23.  OH-58A  Forward-Flight  Noise  Correlation  at  113  Knots. 


only,  additions  to  tail-rotor  noise  on  the  order  of  25  to  35 

db  are  required  in  the  octave  bands  centered  at  250,  500,  and 

1000  Hertz.  Although  these  bands  correspond  to  those  for 
tail-rotor  rotational  noise,  this  magnitude  of  correction 
seems  unreasonable.  The  engine  noise  is  also  the  loudest  irt 
the  octave  bands  centered  at  250,  500,  and  1000  Hertz.  It 
was  estimated  that  in  order  to  obtain  correlation,  the  engine- 
component-noise  test  data  taken  at  low  power  would  have  to 
be  corrected  in  these  three  octaves  on  the  order  of  10  db  for 

the  horsepowers  used  in  the  flight  tests.  Finally,  the 

approach  was  evaluated  to  make  empirical  corrections  to  the 
main  and  tail  rotors  limited  to  the  differences  between  the 
theory  and  the  rotor-component  test  data,  and  the  remaining 
discrepancy  was  made  up  with  corrections  to  engine  noise. 

This  gives  three  different  methods  for  correlating  the  theory 
with  the  measured  noise  of  the  complete  helicopter: 

Corrections  added  to  main-  and  tail-rotor 

rotational  noise  only.  Table  V 

Corrections  added  to  engine  noise  only,  Table  VI 

Corrections  added  to  both  main-  and  tail-rotor  rota¬ 
tional  noise  and  engine  noise,  Tables  VII  and  VIII 

The  perceived  noise  levels  calculated  for  the  OH-58A  using 
the  three  methods  are  given  in  Table  IX.  After  analyzing 
the  accuracy  of  the  three  methods,  the  third  on°  (using 
corrections  to  rotor  noise  and  engine  noise)  was  determined 
to  be  more  practical  for  representing  the  difference  between 
the  theory  and  the  measured  data.  Therefore,  the  empirical 
corrections  in  Table  VII  are  used  in  the  remainder  of  the 
study  for  predicting  the  noise  levels  of  the  different 
conf igurations . 

The  orders  of  magnitude  of  the  empirical  corrections  required 
for  main-rotor  noise  at  angles  near  the  plane  of  the  rotor 
and  for  tail-rotor  noise,  particularly  at  zero  thrust,  are 
much  greater  than  desired.  The  need  for  such  large  correc¬ 
tions  points  out  important  areas  in  which  insufficient  data 
are  available  and  in  whicn  current  theory  is  inadequate,  but 
these  are  the  best  data  currently  available  for  this  study. 
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TABLE  V.  ROTOR  CORRECTIONS  TO  BE  ADDED  TO 
ROTOR- ONLY  CORRELATION 


Distance  VeLocity 
(ft)  (kt) 


Ma^r.  Rotor 


Tail  Rotor 


Hover 


Sound 

Harmonic 

(mB) 


2-6 
8-10 
>  12 


2 

4-8 
10-16 
>  18 


2 

4-8 
10-16 
>  18 


2 

4-8 
10-16 
>  18 


2 

4-8 
10-16 
•  >  18 


db  to  be  addec 

- =1 

i  at 

azimuth 

of : 

IBiflWSEH 

90° 

270  c 

0 

0 

0 

3 

3 

3 

5 

5 

5 

6 

6 

6 

6 

6 

6 

7 

7 

7 

8 

8 

8 

8 

8 

8 

10 

10 

10 

12 

12 

12 
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TABLE  VI,  ENGINE  CORRECTIONS  TO  BE  ADDED  TO 
ENGINE-ONLY  CORRELATIONS 


Azimuth 

(deg) 


0,  90,  270 
180 


TABLE  VII.  ROTOR  CORRECTIONS  TO  BE  ADDED  TO 
ROTOR-AND-ENGINE  CORRELATION 


Distance 

(ft) 

Velocity 

(kt) 

Sound 

Harmonic 

(mB) 

db  to  be 
azimuth 

added  at 
of : 

Main  Rotor 

0°,  180° 

90°,  270° 

200 

Hover  and 

forward 

flight 

All 

0 

o 

4000 

Hover  and 

2-6 

12 

12 

forward 

8-10 

13 

13 

flight 

>  12 

14 

14 

Tail  Rotor 


2 

4 

6-18 
>  20 


2 

4 

6-0 
10-16 
>  18 


TABLE  VIII .  ENGINE  CORRECTIONS  TO  BE  ADDED  TO 
ROTOR-AND-ENGINE  CORRELATION 


Azimuth  Octave  Band  (Hz) 

(deg)  16  33  67  125  250  500  1000  2000  4000  8000 


0  0 


TABLE  IX.  COMMFISON  OF  OH-58A  PERCEIVED  NOISE  LEVELS  (PNdb) 
I M  DIFFERENT  TYPES  OF  CORRECTIONS 


III.  NOISE -REDUCT ION  TECHNIQUES 


Design  techniques  for  noise  reduction  other  than  those  t.nat 
could  be  examined  theoretically  were  reviewed.  The  concepts 
that  were  reviewed  include: 

Reduction  of  the  noise  caused  by  the  proximity 
of  airframe  structure 

Use  of  a  regenerative  engine 

Unloading  of  the  tail  rotor 

Use  of  a  wing  to  permit  tilting  the  rotor  forward 
to  reduce  blade-wake  interactions 

Modifications  of  the  blade  tip  and  planform 

The  proximity  of  aircraft  structure  to  rotors  may  cause  an 
increase  in  noise.  The  possibility  that  the  vertical  fin 
of  the  0H-58A  might  thus  increase  tail-rotor  noise  was 
considered.  The  effects  of  removing  the  fin  were  investi¬ 
gated  during  the  Model  206A  component-noise  tests,  and  they 
were  found  to  be  insignificant  except  when  thrust  was  low 
(Figure  24).  Therefore,  no  attempt  was  made  to  relocate  the 
fin  or  to  change  the  fin-to-rocor  distance. 

Measurements  reported  by  Prevoznik9  indicate  that  the  noise 
reduction  to  be  expected  from  the  Allison  250-B15A  regenera¬ 
tive  engine  is  1  to  3  PNdb.  Since  a  15-db  reduction  is 
needed,  and  because  substantial  power  and  weight  penalties 
are  involved,  this  engine  is  not  considered  for  the  quiet 
helicopter. 

It  has  been  suggested  that  unloading  the  tail  rotor  in  for¬ 
ward  flight  might  reduce  noise.  Since  the  tail  rotor  of  the 
OH-58A  is  normally  unloaded,  this  measure  is  not  applicable, 
but  test  data  suggest  that  unloading  a  tail  rotor  is  not  an 
especially  effective  noise-reduction  technique. 

There  is  some  evidence  to  support  the  suggestion  that  oscilla¬ 
tory  airloads  on  a  rotor  blade,  and  thus  noise,  are  reduced 
when  the  blade  does  not  operate  in  or  near  the  vortices  of 
the  preceding  blades.  If  a  wing  is  used  to  unload  the  rotor 
and  the  rotor  is  tilted  forward,  noise  due  to  blade-vortex 
interactions  might  be  reduced.  NASA  has  conducted  some  tests 
in  this  area,  but  no  data  are  yet  available. 

The  ordinary  effects  of  rotor  planform  taper  and  twist  were 
examined  theoretically  using  the  propeller  noise  theory 
of  Gutin^-0  and  conventional  helicopter  hover  theory.  Small 
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SOUND -PRESSURE  LEVEL 


reductions  are  possible;  but  for  blades  that  have  the  same 
lifting  capability,  noise  reductions  over  the  outer  radius 
are  offset  by  noise  increases  inboard. 

The  principal  means  of  reducing  rotor  noise,  other  than  by 
changes  that  can  be  examined  theoretically,  appears  to  be 
modification  of  the  blade  outboard  planform  or  tip.  Cox^'  ^-2 
has  shown  that  thin-tip  blades  reduce  the  noise  of  main  rotors 
by  approximately  5  db.  This  is  consistent  with  the  noise 
reductions  found  by  Schlegel  et  al^4  for  trapezoidal  tips  and 
by  St;  ■' c  et  afl3  for  single-swept  tips.  The  various  inves- 
tigatis.  ,  differ  somewhat  in  their  explanation  of  the  mechanism 
by  which  tip  shape  reduces  noise,  but  there  is  enough  support¬ 
ing  evidence  to  justify  a  tip  modification.  Figure  25  shows 
whirl-stand  noise  data  versus  frequency  for  two  UH-i  tail-rotor 
blade  configurations.  One  is  a  standard  square-tip  blade,  and 
the  other  is  a  double -swept-tip  blade,  where  the  outermost 
leading-edge  sweep  angle  is  U5  degrees  and  the  inner  sweep 
angle  is  27  degrees.  Noise  reductions  on  the  order  of  2  to 
3  db  are  indicated  at  low  frequencies  and  8  to  10  db  at  high 
f  requencies . 

Table  X  shows  the  noise  reductions  that  are  used  in  the 
calculations  for  effects  of  blade  modifications.  In  the 
final  configurations,  the  noise  reductions  for  double-swept- 
tip  shapes  are  used  for  tail  rotors.  The  noise  reductions 
for  thin-tip  airfoils  are  used  for  main  rotors. 
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IV. 


EFFECTS  OF  PARAMETERS 


A.  INTRODUCTION 

Noise  was  calculated  for  a  range  of  values  of  main-  and 
tail-rotor  tip  speed,  number  of  blades,  gross  weight,  rotor 
diameter,  and  blade  area.  All  main-rotor  calculations  were 
made  for  a  forward-flight  speed  of  115  knots,  a  bearing  of 
0  degrees  (head-on),  and  ground  ranges  of  200  and  4000  feet. 
Tail-rotor  calculations  were  made  for  hover  conditions  at  a 
bearing  of  30  degrees  and  for  a  forward  flight  speed  of  115 
knots  at  a  bearing  of  10  degrees,  at  the  same  ground  ranges 
as  those  for  the  main  rotor. 

A  sample  output  of  the  computer  program,  which  includes  the 
equations  for  the  rotational  and  broadband  noise  components, 
is  shown  in  Figure  26.  The  case  shown  is  for  the  OH-58A 
main  rotor  at  a  tip  speed  of  655  feet  per  second  at  a  field 
point  range  of  200  feet,  a  velocity  of  115  knots,  and  an 
azimuth  of  0  degrees . 

B.  MAIN  ROTOR 

The  effects  of  tip  speed  and  diameter  are  shown  in  Figures  27 
and  28  for  two-  and  four-bladed  rotors,  respectively.  Also 
shown  are  the  effects  of  diameter  for  constant  hover  ceiling 
and  tc  ratio.  The  figures  show  the  results  for  two  field 
points,  200  and  4000  feet  from  the  helicopter.  For  the 
design  conditions  of  constant  hover  ceiling  and  tc  ratio, 
where  blade  chord  is  increased  as  tip  speed  is  reduced,  the 
rate  of  noise  reduction  is  about  5  PNdb  for  a  100-f oot-per- 
second  reduction  in  tip  speed. 

The  effects  of  diameter  are  small.  Increasing  the  diameter 
reduces  the  perceived  noise  level  about  3.0  PNdb  at  200  feet. 

At  4000  feet,  however,  this  effect  is  reversed;  an^ increase 
in  diameter  increases  the  perceived  noise  level  slightly. 

As  can  be  seen  in  Figures  27  and  28,  increasing  the  number 
of  blades  does  not  appreciably  affect  perceived  noise  level  of 
the  main  rotor.  This  is  because  rotor  broadband  noise  contrib¬ 
utes  more  to  the  perceived  noise  level  than  does  rotational 
noise,  even  at  far  distances.  As  can  be  seen  in  Equation  14, 
the  peak  level  of  broadband  noise  is  a  function  of  tip  speed, 
thrust,  and  blade  area.  Doubling  the  blade  area  reduces  the 
peak  level  by  3  db. 

C.  TAIL  ROTOR 

The  effects  of  tip  speed  and  number  of  blades  on  tail-rotor 
noise  are  shown  in  Figure  29.  Both  a  reduction  in  tip  speed 
and  an  increase  in  the  number  of  blades  reduce  tail-rotor 
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Figure  29.  Effects  of  Tip  Speed  and  Number  of. 
Blades  on  Tail -Rotor  Noise. 


noise.  For  the  tip-speed  range  shown  and  for  constant  thrust, 
power,  and  diameter,  the  hovering  perceived  noise  levels 
decrease  at  a  rate  of  3  PNdb  for  a  100-  f  oot-pe-r-second  reduc¬ 
tion  in  tip  speed.  At  4000  feet,  this  rate  is  6.5  PNdb  for 
a  100-f oot-per-second  reduction  in  tip  speed. 

Tip-speed  reduction  is  also  significant  in  reducing  tail-rotor 
noise  in  forward  flight.  The  perceived  noise  level  for  a 
115-knot  head-on  approach  decreases  6.5  PNdb  per  100-f oot- 
per-second  reduction  in  tip  speed. 

Increasing  the  number  of  tail-rotor  blades  from  two  to  four 
reduces  the  perceived  noise  level  by  4  PNdb  for  hover  and 
in  forward  flight.  A  six-bladed  tail  rotor  is  6  PNdb  quieter 
than  a  two-bladed  one. 

The  effects  of  thrust  for  a  tip  speed  of  550  feet  per  second 
are  shown  in  Figure  30.  At  a  distance  of  4000  feet  in  hover, 
the  theory  predicts  that  the  perceived  noise  level  is  decreased 
approximately  4  to  6  PNdb  by  decreasing  the  thrust  by  100 
pounds.  Although  not  shown  in  the  figure,  this  effect  is 
not  realized  when  the  azimuth  position  is  near  the  plane  of 
the  rotor. 

The  theoretical  effects  of  torque  and  diameter  on  tail -rotor 
perceived  noise  are  shown  in  Figure  31  for  a  115-knot  forward 
speed  and  zero  thrust.  At  a  constant  tip  speed  of  550  feet 
per  second,  both  a  decrease  in  torque  and  an  increase  in 
diameter  reduce  the  perceived  noise  levels.  Increasing  the 
diameter  from  5.17  to  7.17  feet  reduces  tail-rotor  noise 
about  8  PNdb  at  constant  torque  because  of  the  reduction  of 
drag  by  28  percent.  The  rate  of  noise  reduction  for  torque 
decrease  is  about  0.5  PNdb  per  foot-pound  for  constant 
diameter. 

The  theory  shows  that  tail-rotor  noise  varies  significantly 
for  various  headings.  This  is  illustrated  in  Figure  32,  which 
compares  the  theory  to  the  test  data  at  a  tip  speed  of  711 
feet  per  secord  and  for  thrusts  of  92  to  144  pounds.  The 
theory  predicts  accurately  the  maximum  noise  generated  at 
'*■'  =  30  and  150  degrees,  but  it  overestimates  the  noise  by  about 
4  PNdb  at  ^  =  90  degrees.  It  underestimates  the  noise  by  as 
much  as  10  PNdb  in  the  rotor  plane  at  \1/  =  0  and  180  degrees, 
where  minimum  noise  is  predicted. 
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PERCEIVED  NOISE  LEVEL  -  PNdb 


THRUST  -  LB  j 

Figure  30.  Effects  of  Thrust  and  Torque  on  Tail- 
Rotor  Noise  . 
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PERCEIVED  NOISE  LEV 


Figure  31.  Effects  of  Torque  and  Diameter  on  Tail- 
Rotor  Noise  • 
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Figure  32.  Variation  of  Tail-Rotor  Noise  for 
Different  Headings. 
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V. 


DESIGN  ALTERNATIVES  AND  SELECTION  OF 
COMPONENT  PARAMETERS  AND  CONFIGURATIONS 


The  previous  section  shows  the  variation  of  noise  with  changes 
in  parameters  of  the  main  rotor  and  tail  rotor,  separately.  In 
this  section,  the  variation  of  noise  is  shown  for  the  complete 
helicopter,  for  various  combinations  of  main-  and  tail-rotor 
tip  speeds,  and  for  several  degrees  of  engine  and  drive-system 
noise  reductions  .  The  purpose  of  the  calculations  was  to 
determine  the  importance  of  main-rotor  tip-speed  reductions 
relative  to  tail-rotor  tip  speed  and  engine/drive-system  noise 
reductions.  The  calculations  also  include  the  effect  of  noise 
reductions  due  to  main-rotor-blade  thin-tip  modifications  and 
the  effect  of  tail-rotor-blade  double -swept-tip  modifications. 

Final  results  are  shown  in  Table  XI.  In  the  table,  values  are 
given  for  PNdb  of  the  OH-58A  (in  the  first  column)  arid  for 
three  alternate  combinations  of  parameters  (in  the  last  three 
columns).  The  data  show  that  significant  reductions  in  noise 
of  the  OH-58A  are  possible  at  a  range  of  4000  feet.  Much  of 
the  noise  reduction  relative  to  the  0H-58A  is  realized  when 
main-rotor  tip  speed  is  reduced  to  600  feet  per  second  and 
tail-rotor  tip  speed  to  530  feet  per  second--!!  blade-tip 
modifications  are  used  on  the  tail  rotor  and  if  engine  noise 
is  reduced  at  least  15  db.  This  combination  of  parameters  is 
feasible  for  a  modified  0H-58A  using  production  main-rotor 
blades  and  four  modified  OH-58A  tail-rotor  blades.  A  summary 
of  the  calculation  of  PNdb  for  the  combination  is  shown  in 
Table  XII.  Noise  in  three  octave  bands  contributes  to  the  value 
of  PNdb.  In  the  125-Hertz  band,  the  total  sound -pressure  level 
is  determined  by  tail-rotor  noise  and,  to  some  extent,  mam- 
rotor  noise.  In  the  250-  and  500-Hertz  bands,  the  total  level 
is  determined  by  all  three  noise  sources. 

PNdb  levels  were  calculated  for  one  other  combination  of 
parameters  (not  shown  in  the  table).  A  main-rotor  tip  speed 
of  530  feet  per  second  and  a  tail-rotor  tip  speed  of  431  feet 
per  second  were  combined  with  engine  silencing  and  tail-rotor- 
blade  modifications.  PNdb  was  reduced  to  28.5  for  a  four- 
bladed  tail  rotor  and  to  26.3  for  a  six-bladed  tail  rotor. 

The  tail  rotor  for  this  configuration  requires  a  high  solidity 
(0.31  to  0.394).  Further  research  and  development  will  be 
requi red . 

Several  important  factors  that  cannot  be  quantified  at  present 
are  not  included  in  the  calculation.  They  are:  the  effects  of 
impulsive  noise,  the  effect  of  main-rotor-planf orm  modifica¬ 
tions,  and/or  the  effect  of  reductions  in  b?.ade-tip-vortex 
strength  on  main-rotor  noise.  The  effects  of  impulsive  noise 
are  net  included  because  the  rotor  theory  calculates  only  the 
long-time  root-mean-square  magnitudes  of  sound-pressure  ievels. 
A  conclusive  method  of  accounting  for  impulsive  noise  was  not 
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found  in  the  literature.  Some  evidence  of  the  possible  effect 
is  found  in  Kryter  and  Pearsons. i  Listening  tests  show  that 
there  is  a  distinct  subjective  impression  of  a  tone  modulated 
at  a  very  low  frequency.  A  500-Hertz  tone  modulated  in  ampli¬ 
tude  at  a  frequency  of  5  Hertz  is  judged  to  be  noisier  by 
approximately  6  PNdb  than  an  unmodulated  tone.  If  this  applies 
to  main-rotor  noise  modulated  in  amplitude  at  blade-passage 
frequency,  then  a  correction  factor  of  6  PNdb  maj.  be  required. 

A  reduction  in  impulsive  noise  of  the  main  rotor  may  be  obtained 
by  further  reductions  in  tip  speed.  The  combination  of  param¬ 
eters  shown  in  the  last  column  in  Table  XI  shows  main-rotor 
noise  levels  which  are  6  to  10  db  lower  than  those  of  the  other 
two  noise  sources,  in  the  bands  that  have  the  highest  values  of 
noisiness. 

The  effects  of  main-rotor  tip-planform  modifications  are  not 
included  because  of  lack  of  theory  and/or  test  data.  Signifi¬ 
cant  reductions  in  the  tip-vortex  strength  of  model  blades  have 
been  observed  in  schlieren  photographs  made  in  the  Bell  Heli¬ 
copter  Company  Research  Laboratory.  Since  Lowson^  has  reported 
that  the  largest  component  of  rotor  vortex  noise  is  that  due  to 
interaction  of  the  following  blade  with  the  tip  vortex  of  the 
preceding  blade,  it  is  likely  that  reductions  in  main-rotor 
noise  will  be  realized  by  blade-tip-planf orm  modifications. 

The  modifications  used  are  related  to  the  blade  aspect  ratio. 
Tests  of  double-swept-tip  tail-rotor  blades  with  low  aspect 
ratios  show  substantial  reductions  in  noise  levels.  The  re¬ 
ductions  at  low  tip  speeds  are  believed  to  result  from  the 
larger  span  of  the  tip  modification  and  perhaps  from  the 
leading-edge  sweep.  Therefore,  double-swept  tips  are  used  on 
low-aspect-ratio  blades  (such  as  the  tail-rotor  and  wide-chord 
main-rotor  blades/.  For  high-aspect-ratio  blades  (such  as 
those  of  the  CH-58A),  the  double-swept-tip  modification  is 
relatively  small  in  span,  so  tapered  tips  are  used  to  increase 
the  span  of  the  modification.  The  taper  begins  farther  inboard, 
but  the  taper  ratio  is  less  than  that  obtainable  with  the 
double-swept-tip  modification. 

In  conclusion,  it  was  found  that  most  of  the  noise  reduction 
shown  by  the  various  combinations  of  parameters  could  be 
achieved  with  a  main-rotor  tip  speed  of  600  feet  per  second  and 
a  tail-rotor  tip  speed  of  530  feet  per  second;  a  four-bladed 
tail  rotor  is  required  for  maximum  noise  reduction.  Tip 
modifications  should  be  used  on  the  tail  rotor.  Engine/drive- 
system  noise  should  be  reduced  by  15  db.  These  are  the  param¬ 
eters  selected  for  the  primary  configurations.  Tip  modifica¬ 
tions  to  the  main  rotor  may  reduce  noise.  Reductions  in  main- 
rotor  noise  and  impulsive  noise  may  be  realized  by  reducing  tip 
speed  to  530  feet  per  second — the  main-rotor  tip  speed  of  the 
alternate  configurations. 
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VI .  DESIGN  DESCRIPTIONS 


This  section  describes  two  test  and  two  operational  configura¬ 
tions  of  the  quiet  OH-58A.  The  primary  configurations  are 
designed  to  reduce  the  overall  noise  level,  and  the  alternate 
configurations,  to  further  reduce  the  impulsive  noise  of  the 
main  rotor.  The  test/demonstrator  designs  have  been  developed 
to  show  practicable  modifications  that  may  be  used  to  verify 
ft  »  theoretical  approach  to  the  development  of  a  quiet  heli¬ 
copter.  The  operational  versions  include  the  quieting  features 
of  the  corresponding  test  versions,  but  they  are  extensively 
modified  to  have  capabilities  comparable  to  those  of  the  OH-58A. 
The  rotor  tip  speeds  of  the  primary  configurations  are  reduced, 
and  measures  to  quiet  their  powerplants  and  drive  systems  are 
employed.  For  the  alternate  configurations,  the  main-rotor  tip 
speeds  are  further  reduced.  Table  XIII  gives  design  data  for 
all  five  aircraft. 

A.  TEST  VERSION — PRIMARY  CONFIGURATION 

The  primary  test  configuration  has  modified  0H-58A  main-  and 
tail-rotor  blades  and  a  new  hub  for  the  four-bladed  tail  rotor. 
It  uses  the  same  engine  as  the  production  OH-58A,  but  with 
speed  reduced  from  6180  to  5660  rpm  in  order  to  lower  the  tip 
speeds  of  the  rotors.  Engine  power  is  reduced  from  317  to  290 
horsepower,  for  the  same  maximum  torque  on  the  drive  system. 

No  changes  are  required  in  the  main  transmission  or  the  drive 
system.  The  tip  speed  of  the  tail  rotor  is  further  reduced  by 
changing  the  gear  ratio  in  a  redesigned  tail-rotor  gearbox. 

The  changes  in  the  control  system  for  the  four-bladed  tail  rotor 
are  minimal,  and  the  airframe  is  unchanged.  Sound-absorbing 
material  is  added  to  engine  cowlings  and  firewalls,  and  absorp¬ 
tive  silencers  are  installed  on  the  engine  exhaust. 

1 .  Rotor  System 

a.  Main  Rotor 

The  35-foot-4-inch  main  rotor  is  the  same  as  that  on  the  OH-58A, 
except  that  in  the  outboard  15  percent  of  its  span,  the  chord 
tapers  from  13  to  4.3  inches.  This  taper  is  expected  to  result 
in  a  noise  reduction  comparable  to  that  which  has  been  achieved 
on  tail-rotor  blades.  The  tip  inertia  weight  is  reduced  from 
12  to  5  pounds,  and  10  pounds  are  added  at  85  percent  of  the 
radius.  The  outboard  15  percent  of  the  blade,  with  its  attach¬ 
ment  to  the  basic  13-inch-chord  OH-58A  blade,  is  shown  in 
Figure  49  (Appendix) . 

The  main  rotor's  natural  frequencies  are  shown  in  Figure  33. 

They  differ  slightly  from  those  of  the  OH-58A  because  of  the 
altered  stiffness  and  mass  distribution  of  the  outboard  15  per¬ 
cent  of  the  span,  but  the  curves  show  that  they  are  well  placed 
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in  relation  to  rotor  rpra.  Because  of  the  increased  thrust 
coefficients  at  which  the  rotor  will  operate,  the  blade  and 
hub  stresses  will  differ  from  those  on  the  OH-58A.  They  will 
therefore  be  monitored  during  the  flight-test  program. 

b.  Tail  Rotor 

The  four-bladed,  semirigid  tail  rotor  (Figure  51,  Appendix) 
has  a  gimbaled  hub.  Delta-three  is  45  degrees,  the  same  as 
that  of  the  0H-58A.  The  rotor's  diameter  is  62  inches. 

The  blades  have  a  constant  5.27-inch  chord  and  an  NACA  0012.5 
airfoil,  except  for  the  double-swept  tip  fairings.  Each  blade 
has  a  shell  of  2024-T3  aluminum  alloy,  with  a  bonded  aluminum- 
honeycomb  core  strip.  The  leading  edge  is  reinforced  with  a 
stainless-steel  abrasion  strip.  The  double-swept  tip  fairing 
is  welded  6061  aluminum  alloy,  with  provisions  for  mounting  a 
balance  weight. 

Each  blade  is  attached  to  two  aluminum-alloy  yoke  plates 
through  Teflon-fabric-lined  pitch-change  bearings.  A  gimbaled 
hub  permits  angular  movement  of  the  plane  of  rotation.  The 
assembly  is  attached  to  the  mast  through  a  splined  steel  shaft. 

2.  Drive  System 

All  components  of  the  drive  system  except  the  tail-rotor  gear¬ 
box  are  standard  OH-58  units.  The  system  is  rated  for  engine 
output  at  5660  rpm  of  290  horsepower  for  takeoff  and  247  horse¬ 
power  for  continuous  operation.  At  these  ratings,  the  torques 
are  the  same  as  those  at  the  317  (takeoff)  and  270  (continuous) 
horsepower  at  6180  rpm  for  which  the  OH-58A  is  qualified.  At 
5660  engine  rpm,  the  standard  OH-58A  tail -rotor  drive  shafting 
can  transmit  55  horsepower  continuously  at  the  same  torque 
level  as  the  OH-58A  system;  only  30  horsepower  is  required  by 
the  tail  rotor  at  maximum  pitch  (220  pounds'  thrust). 

A  centrifugal  fan  driven  by  the  tail-rotor  drive  shaft  cools 
the  engine  oil.  It  has  sufficient  cooling  capacity  when 
operating  at  the  reduced  speeds  used  in  the  test  configurations. 

With  the  eugine  operating  at  5660  rpm,  the  capacity  of  the 
0H-58A  transmission-cooling  system  is  more  than  ample  for  the 
pri.ru  ry  test  configuration.  In  tests  with  the  helicopter 
hovering  in  ground  effect  at  3000  pounds'  gross  weight,  and 
with  the  engine  at  6180  rpm  and  235  shaft  horsepower,  the 
transmission-oil  temperature,  corrected  to  a  125°F  day,  was 
214°F--16  degrees  below  the  allowable  limit.  When  the  engine 
speed  is  reduced  to  5660  rpm,  airflow  and  oil  flow  are  reduced 
proportionally.  The  result  is  a  7-degree  rise  in  the  oil  tem- 
perature--to  221°F  on  a  125°F  hot  day. 
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A  tail-rotor  gearbox  with  a  higher  reduction  ratio  replaces  the 
OH-58A  gearbox.  Its  90-degree  spiral  bevel  gears  have  a  reduc¬ 
tion  ratio  of  2.89  to  1.  It  uses  the  bearings,  retainers,  and 
rotor  shaft  of  the  OH-58A  unit,  and  the  new  bevel  gears  are 
designed  to  utilize  the  OH-58A  tooling.  The  housing  is  modified 
to  accept  the  larger  gears.  The  mounting  arrangement  and 
support  for  the  tail-rotor  controlr  • re  unchanged. 

3 .  Powerplant 

The  conventional  OH-58A  powerplant  installation  is  modified  by 
the  addition  of  exhaust  silencers  and  baffles,  and  sound¬ 
absorbing  coatings  on  the  cowling  and  firewalls  (Figure  52, 
Appendix).  The  engine  mounting  is  unchanged.  The  Allison 
Model  250-C10D  (T63-A-700)  engine  is  operated  at  5660  rpm,  and 
it  is  derated  to  290  horsepower  for  takeoff  and  247  horsepower 
for  continuous  operation.  These  ratings  keep  torque  below  the 
engine  and  main-transmission  limit.  Allison  has  approved 
operation  at  the  reduced  speed. 15 

a.  Firewall  and  Cowl  Modifications 

Two  vertical  firewalls  and  the  deck  isolate  the  engine  compart¬ 
ment  from  the  remainder  of  the  helicopter.  The  forward  firewall 
is  also  the  aft  wall  of  the  engine  air  plenum.  The  aft  firewall 
isolates  the  oil  tank,  cooler,  and  blower  from  the  engine.  Both 
are  treated  with  a  spray-on  acoustical  attenuation  material  such 
as  Lord  Manufacturing  Company  Type  1011. 

The  forward  fairing,  which  encloses  the  flight-control  servo- 
actuators,  the  hydraulic  system,  and  the  forward  portion  of  the 
transmission,  is  constructed  of  honeycomb  sandwich  and  an  alumi¬ 
num  core  and  fiberglass  facing.  No  additional  soundproofing  is 
used.  The  inner  surface  of  the  air-inlet  section  and  the  engine 
cowl  are  coated  with  a  spray-on  acoustical  attenuation  material 
such  as  Lord  Manufacturing  Company  Type  1011,  1/16  inch  thick. 
External  baffles  on  the  engine-cowl  ventilation  louvers  provide 
a  labyrinth  for  noise  attenuation.  The  aft  fairing,  which 
encloses  the  oil  tank,  cooler,  and  biower,  is  constructed  of 
aluminum  honeycomb  with  fiberglass  facing.  The  interior  is 
treated  with  acoustical  attenuation  material. 

b.  Air  Induction 

Engine  air  enters  through  inlets  on  each  side  of  the  cowling. 

The  inertial  dust  separator,  which  is  standard  equipment  on  the 
OH-58,  attenuates  noise  emanating  from  the  compressor. 

c .  Exhausts 

The  basic  requirement  for  exhaust  silencing  was  a  15-db  reduc¬ 
tion  in  the  octave  band  centered  on  250  Hertz.  The  exhaust 
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system  (Figure  52,  Appendix)  has  two  absorptive  silencers,  one 
on  each  exhaust  pipe.  Each  diverted-vane  absorption  silencer 
has  three  modules,  with  eight  vanes  in  each  module.  The  modules 
are  rotated  approximately  15  degrees  with  respect  to  each  other. 
Calculations  show  that  the  back  pressure  on  the  exhaust, 
approximately  4.5  inches  of  water,  causes  a  power  loss  of  about 
4.5  horsepower.  This  loss  is  considered  in  computing  the  per¬ 
formance  of  the  helicopter.  Additional  detailed  design  and 
noise  tests  will  be  required  to  determine  the  optimum  configu¬ 
ration. 

d.  Cooling  and  Lubrication 

The  baffles  over  the  engine -compartment  cooling-air  inlet  have 
forward -and -aft  openings  to  permit  convective  circulation.  The 
transmission  compartment  is  cooled  by  forced  circulation  of  the 
exit  air  from  the  transmission-oil  cooler.  The  adequacy  of 
transmission-compartment  cooling  has  been  demonstrated  in  the 
commercial  version  (Bell  Model  206A)  at  5700  engine  rpm. 

4.  Control  System 

The  OH-58A  flight-control  system  is  used  without  modification, 
except  for  the  crosshead  and  pitch  links  for  the  four-bladed 
tail  rotor.  The  hydraulic  system  is  powered  by  a  single 
variable -displacement  pump  mounted  on  and  driven  by  the  main 
transmission.  The  system  was  examined  to  determine  if  it 
would  supply  sufficient  power  at  the  reduced  rpm.  At  the  6180 
engine  rpm  of  the  OH-58A,  the  pump  delivers  2.05  gpm  at  600 
psi.  For  this  test  configuration,  with  its  engine  speed  of 
5660  rpm,  the  maximum  capacity  of  the  pump  is  1.9  gpm.  Since 
the  flow  rate  on  the  Bell  Model  206A,  which  uses  the  same _ 
flight-control  components,  is  only  1.75  gpm,  the  system  will 
provide  acceptable  control  rates  for  the  test  aircraft. 

5.  Airframe 

The  airframe  is  identical  to  that  of  the  0H-58A. 

6.  Weight  and  Balance 

The  weight  and  the  center  of  gravity  were  estimated  by  adjusting 
weight  data  for  the  OH-58A  in  current  production.  The  effects 
of  these  changes  on  the  weight  and  moments  of  the  helicopter  are 
shown  in  Table  XIV.  Except  for  the  exhaust-silencer  weight 
which  was  furnished  by  the  vendor,  the  weight  changes  were  es¬ 
timated  from  preliminary  layout  drawings.  Table  XV  compares 
the  group  weights  of  the  OH-58A  and  the  primary  test  configu¬ 
ration.  The  derivation  of  the  center  of  gravity  is  summarized 
in  Table  XVI.  Nose  ballast  required  to  offset  the  increased 
tail-rotor  weight  is  17  pounds. 
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TABLE  XIV.  WEIGHT  AND  MOMENT  CHANGES, 

PRIMARY  TEST  CONFIGURATION 

Group 

Change 

Weight 

(lb) 

Moment 
(in . -lb) 

Rotor 

Taper  chord  and  thickness  of 
outboard  15  pet  of  span 

Add  inertia  weight  for 
reduced  rpm 

+  6 

+  642 

Tail 

Add  four-bladed  tail  rotor 

+  9 

+  3,168 

Engine 

Section 

Add  spray-on  sound- 
absorption  material  to  cowl 

+20 

+  2,640 

Add  sound  baffles 

+  1 

+  132 

Propulsion 

Add  exhaust  silencers 

+40 

+  6,200 

Change  tail-rotor  gearbox 
to  reduce  rpm 

+  3 

+  1,056 

Electrical 

Relocate  battery  to  nose 

- 

-  3,250 

Equipment 

Add  required  nose  ballast 

+17 

+  272 

Total  Change 


+96 


+10,860 


TABLE  XV.  GROUP  WEIGHT  STATEMENT, 

PRIMARY  TEST  CONFIGURATION 

Weight , 

Weight , 

Primary  Test 

Group 

OH-58A 

Configuration 

(lb) 

(lb) 

Rotor 

280 

286 

Tail 

31 

40 

Body 

326 

326 

Alighting  Gear 

34 

34 

Flight  Controls 

123 

123 

Engine  Section 

35 

56 

Propulsion 

423 

466 

Engine  Installation 

136 

136 

Air  Induction 

11 

11 

Exhaust 

4 

44 

Fuel 

39 

39 

Lubricating 

27 

27 

Controls 

10 

10 

Starting 

18 

18 

Drive 

178 

181 

Instruments 

54 

54 

Electrical 

81 

81 

Avionics 

97 

97 

Furnishings  and  Equipment 

42 

59 

Air  Conditioning 

24 

24 

Unusable  Fuel 

6 

6 

Undrainable  Fuel 

.  3 

3 

Undrainable  Oil 

1 

1 

Weight  Record  Adjustment 

23 

23 

Empty  Weight 


1583 


1679 


TABLE  XVI.  WEIGHT  AND  BALANCE, 

PRIMARY  TEST  CONFIGURATION 


Weight 

(lb) 

Arm 
(in . ) 

Moment 
(in. -lb) 

Empty  Weight,  OH-58A 

1583 

118.2 

187,110 

Changes 

+  96 

+  10,860 

Empty  Weight , 

Primary  Test  Configuration 

1679 

117.9 

197,970 

Add  Crew 

+  170 

65.0 

+  11,050 

Add  Engine  Oil 

+  11 

180.0 

+  1,9.80 

< 

Gross  Weight,  Minimum 

I860 

113.4 

211,000 

Add  Crew  to  400  Lb 

+  230 

65.0 

+  14,950 

Add  Missita  Equipment 

+  455 

107.0 

+  48,685 

Add  Fuel 

+  455 

116.6 

+  53,053 

Gross  Weight,  Maximum 

3000 

109.2 

327,688 

CG  Limits:  Fuselage  Stations  105.2  to  114.2 


7.  Performance 


The  performance  of  the  primary  test  configuration  in  observation 
and  scout  missions  is  summarized  in  Table  XVII.  The  compari¬ 
sons  with  the  OH-58A  in  this  table  are  based  not  on  equal  gross 
weight  and  range  but  on  equal  payload  and  fuel.  The  computer 
programs  used  to  calculate  the  performance  have  been  found  to 
give  results  that  agree  quite  well  with  OH-58A  flight-test  data. 
Payload  for  the  observation  mission  includes  200  pounds  of 
mission  equipment  and  111  pounds  of  removable  armor.  For  the 
scout  mission,  an  additional  237  pounds  of  armament  is  carried. 
At  the  observation-mission  weight  of  2856  pounds,  the  hovering 
ceiling  is  6900  feet  on  a  standard  day  and  800  feet  at  95°F. 
Maximum  speed  is  113  knots. 

The  tapered  planfcrm  of  the  main-rotor  blades  is  accounted  for 
in  the  calculations  of  power  required.  The  parasite  drag  of 
the  0H-58A  is  increased  by  1.0  square  foot  of  equivalent  drag 
area  to  account  for  the  addition  of  the  exhaust  silencers  and 
their  supporting  structure.  For  the  scout  configuration 
(armed) /an  additional  1.5  square  feet  of  equivalent  drag 
area  is  added  for  the  faired  weapon  installation. 

Power  available  and  fuel  flow  for  the  T63-A-700  engine  at  5660 
rpm  are  calculated  using  the  Allison-supplied  engine -performance 
program.  The  installation  losses  employed  (Table  XVIII)  are 
those  of  the  OH-58A,  except  for  the  exhaust-pressure  rise, 
which  is  increased  by  3.3  inches  of  water  to  account  for  the 
exhaust  silencer. 

The  rotor-thrust  coefficients  (Table  XVII  )  are  for  the  mission 
weight  and  for  unaccelerated  flight  conditions  on  a  sea-level- 
standard  day.  Because  the  main  rotor's  chord  is  not  constant, 
an  equivalent  aerodynamic  chord  based  on  thrust  must  be  used  in 
the  calculation  of  to.1-4  For  this  configuration,  it  is  11.29 
inches.  Since  there  is  a  relationship  between  the  thrust _ 
coefficient  and  blade  stall,  tc  is  a  measure  of  g-capability; 
an  increase  in  tc  indicates  a  decrease  in  g-capability. 

B.  TEST  VERSION — ALTERNATE  CONFIGURATION 

The  lower  main-rotor  tip  speed  reduces  impulsive  noise,  but 
it  makes  necessary  an  increase  in  blade  chord  to  maintain 
thrust  capacity.  Modified  UH-1D  thin-tip  blades  are  adapted 
to  the  OH-58A  hub.  The  tail-rotor  gearbox  is  the  same  as 
that  on  the  primary  configuration.  The  four-blade.d  ta.  1  rotor 
is  also  the  same  except  that  its  diameter  is  incri  ased  from 
62  to  69  inches.  The  engine  is  the  same  as  that  in  the  pro¬ 
duction  OH-58A,  but  its  speed  is  reduced  from  6180  to  5000 
rpm,  to  reduce  the  tip  speeds  of  both  rotors.  To  keep  the 
engine  operating  within  its  specified  torque  limits  at  5000  rpm; 
its  power  is  reduced  from  317  tc  279  horsepower.  The  maximum 
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TABLE:  XVII.  PERFORMANCE  SUMMARY, 

_ PRIMARY  TEST  CONFIGURATION 
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TABLE  XVIII.  INSTALLATION  LOSSES, 

PRIMARY  TEST  CONFIGURATION 

Inlet-Pressure  Loss 

(including  particle  separator) 

4.0  in.  of  water 

Inlet-Temperature  Rise 

2 . 5°  F 

Exhaust -Pres sure  Rise 

4.8  in-  of  water 

Power  Extraction  (generator) 

2.0  hp 

transmission  torque  is  10  percent  greater  than  for  the  OK-58A, 
but  this  increase  has  been  found  to  be  acceptable  for  a  10-hour 
test  program;  no  change  is  required  in  the  main  transmission. 
Loads  in  the  main-rotor  hub  may  limit  airspeeds  to  105  knots. 
Loads  in  the  control  system  will  have  to  be  monitored  and  may 
result  in  the  mandatory  retirement  of  some  Government-furnished 
comoonents.  The  changes  in  the  tail-rotor  control  system  are 
minimal.  To  maintain  clearance  between  the  main  and  tail  rotors, 
the  tail  boom  is  extended;  this  change  necessitates  an  increase 
in  the  length  of  the  tail-rotor  drive  shaft.  Sound-absorbing 
material  is  added  to  engine  cowlings  and  firewalls,  and  absorp¬ 
tive  silencers  are  installed  on  the  engine  exhaust. 

1.  Rotor  System 

The  modified  thin-tip  UH-1D  main-rotor  blade  is  adapted  to  fit  a 
standard  OH-58A  hub  (Figure  50,  Appendix).  The  rotor  is  35 
feet,  4  inches  in  diameter.  The  21-inch-chord  blade  has  8  de¬ 
grees  of  twist.  The  airfoil  is  12-percent  thick  and  synmetrical 
to  72.6  percent  of  the  radius,  and  from  that  point  it  tapers  to 
a  thin  tip.  The  tip  planform  is  double-swept.  Inboard  from 
27.6  percent  of  the  radius,  it  tapers  to  match  an  aluminum-alloy 
grip  Adapter  that  fits  the  UH-1  blade  to  the  OH-58A  hub. 

Because  of  this  taper,  the  skin  doublers  are  slightly  modified. 
Thirty  pounds  of  midspan  weight  is  used  in  the  spar  for  proper 
placement  of  the  rotor's  natural  frequencies.  Except  for  the 
fiberglass  tip  modification,  the  bonded  blade  is  all  metal.  It 
is  made  up  of  a  two-piece  spar,  a  trailing-edge  extrusion,  a 
moisture-sealed  honeycomb  core,  and  an  outboard  leading -edge 
abrasion  strip. 

The  rotor's  natural  frequencies,  shown  in  Figure  34,  are  satis¬ 
factorily  placed  in  relation  to  its  rpm.  The  structural  loads 
on  the  blades  are  less  than  those  on  the  Uh-1  rotor.  However, 
the  0H-58A  hub  was  designed  for  the  structural  loads  imposed  on 
it  by  a  smaller  (13-inch-chord)  blade,  and  analysis  shows  that 
for  comparable  flight  conditions  the  21-inch-chord  blade  applies 
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higher  loads.  The  critical  piece  of  structure  is  the  blade 
grip  (Figure  50,  Appendix). 

Instead  of  a  full  spectral  fatigue  analysis,  a  "life  at  high 
speed"  was  established  for  this  part.  Figure  35  shows  this  life 
as  a  function  of  aircraft  speed.  To  develop  the  curve,  we 
assumed  the  aircraft  to  be  in  continuous  operation  at  the 
specified  speed,  at  3000  pounds'  gross  weight.  To  be  conser¬ 
vative  for  the  test  program,  the  high  speed  was  restricted  to 
that  which  results  in  slightly  more  than  500  hours  of  life. 

This  figure  will  permit  a  nominal  series  of  maneuvers  which 
will  produce  local  loads  for  short  periods  that  will  be  higher 
than  those  of  the  1-g  high-speed  condition.  On  this  criterion, 
a  speed  restriction  of  105  knots  is  recommended  for  the  test 
program  with  this  rotor. 

The  tail  rotor  is  identical  to  that  on  the  primarj;-  configura¬ 
tion  except  that  its  diameter  is  increased  from  62  to  69 
inches.  Because  of  this  increase,  the  tail  boom  is  lengthened 
by  3.5  inches  to  maintain  clearance  between  the  main  and  tail 
rotors . 

2 .  Drive  System 

Except  for  the  mast  and  the  lengthened  tail -rotor  drive  shaft, 
the  drive  system  of  the  primary  test  configuration  is  used 
without  change.  Torque  to  the  main  transmission  is  increased  by 
approximately  10  percent  to  match  the  maximum  operating  power 
planned  for  the  test  program.  The  transmission  has  been  bench- 
tested  at  this  higher  torque  level  for  approximately  30  hours 
at  an  engine  power  rating  of  350  horsepower  and  an  engine  speed 
of  6180  rpm.  This  power  and  this  speed  produce  a  torque 
equivalent  to  that  at  287  horsepower  at  5000  engine  rpm.  For 
this  configuration,  the  drive  system  is  rated  to  the  engine 
limits--279  horsepower  for  takeoff  and  237  horsepower  for 
continuous  operation--at  5000  rpm. 

A  main-rotor  mast  with  an  ultimate  tensile  strength  in  the  high 
end  of  the  allowable  heat-treat  range  (180-200  ksi)  will  be 
selected.  It  will  have  a  5-percent  margin  of  safety  at  190  ksi 
under  the  ultimate  design  conditions. 

The  tail-rotor  drive  shafting  is  limited  to  the  same  torque 
rating  as  that  qualified  for  the  OH-58A.  At  the  engine  speed 
of  5000  rpm,  the  drive  system  can  transmit  48  horsepower  con¬ 
tinuously.  At  the  tail  rotor's  maximum  pitch  it  can  develop 
220  pounds  of  thrust,  for  a  requirement  of  30  horsepower.  Thus, 
the  OH-58A  drive  shafting  has  an  ample  power  margin. 

The  OH-58A  transmission-cooling  tests  (VI.A.2)  indicate  that  the 
transmission-oil  temperature  will  not  exceed  the  0H-58A  limits 
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when  the  alternate  test  vehicle  operates  at  3000  pounds'  gross 
weight  at  sea  level  and  a  temperature  cf  125°F.  The  temperature 
will  rise  16PF  above  that  in  the  0H-58A,  resulting  in  an  oil 
temperature  of  230°F--the  maximum  allowable  operating  tempera¬ 
ture  . 

3.  Powerplant 

The  powerplant  installation  is  the  same  as  that  of  the  primary 
test  configuration.  Power-turbine  speed  is  reduced  to  5000  rpm 
to  allow  the  main  rotor  to  operate  at  a  tip  speed  of  530  fps. 
Maximum  power  is  279  horsepower  for  5  minuter  and  237  horse¬ 
power  continuous;  it  is  within  the  thermodynamic  capability  of 
the  engine,  and  within  the  maximum  and  continuous  torque  limits 
at  5000  rpm.  Allison  has  approved  operation  at  the  reduced 
speed.  The  power-turbine  governor  may  easily  be  readjusted  to 
maintain  the  reduced  speed  setting. 

4.  Control  System 

The  control  system  is  identical  to  that  of  the  primary  test 
configuration  except  that  the  operating  hydraulic  pressure 
is  higher  and  the  tail-rotor  controls  are  lengthened  because 
of  the  extension  of  the  tail  boom.  The  control  loads  estimated 
for  the  wider-chord  main  rotor  are  nearly  twice  those  on  the 
GH-58A.  To  accommodate  these  loads,  the  hydraulic  pressure  is 
increased  from  600  to  1200  psi.  The  increased  loads  will  reduce 
the  life  of  the  components  between  the  hydraulic  servo-actuators 
and  the  rotor-pitch  controls,  but  the  life  margins  will  be 
adequate  for  the  flight-test  program.  These  components  would 
have  to  be  retired,  however,  after  the  test  program. 

At  the  5000-rpm  engine  speed,  the  OH-58A  hydraulic  pump  will 
have  a  flow  rate  of  1.66  gpm.  This  rate  is  95  percent  of  the 
1.75-gptn  rate  that  has  been  found  to  be  acceptable  for  identical 
servo-actuators  on  the  Bell  Model  206A.  This  rate  will  suffice 

for  the  test  program. 

5.  Airframe 

The  airframe  for  the  alternate  test  configuration  is  identical 
to  that  of  the  OH-58A  except  that  the  tail  boom  is  lengthened 
by  3.5  inches  in  order  to  maintain  the  clearance  between  the 
main  rotor  and  the  enlarged  tail  rotor.  The  length  is  increased 
by  splicing  in  a  section  at  the  aft  end  of  the  boom. 

6.  Weight  and  Balance 

Weight  and  balance  were  estimated  from  OH-58A  data  with 
allowances  for  the  design  changes  shown  in  Table  XIX.  The 
weight  of  the  new  main-rotor  blades  was  estimated  from  the 
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weight  of  the  outboard  portion  of  the  UH-LD  blade.  A  double- 
swept-tip  blade  has  been  bui.lt  and  ti-ownj  the  actual  weight  was 
used.  The  weight  of  the  hub  adapters  was  estimated  from  layout 
drawings.  Table  XX  sunmarizes  the  derivation  of  empty  and  gross 
weights,  and  the  balance  calculation.  Ballast  required  to  off¬ 
set  the  increased  tail -rotor  weight  is  15  pounds. 


TABLE  XIX.  WEIGHT  AND  MOMENT  CHANGES, 

ALTERNATE  TEST  CONFIGURATION 


Group 

Change 

Rotor 

Substitute  21-in. -chord 
blades  with  hub  adapters 

Tail 

Substitute  69-in. 
four-bladed  rotor 

Body 

Extend  tail  boom  3.5  in. 

Engine 

Section 

Add  spray-on  sound- 
absorption  material  to 
cowl 

Add  sound  baffles 

Propulsion 

Add  exhaust  silencers 

Change  tail-rotor  gearbox 
and  lengthen  drive  shaft 

Electrical 

Relocate  battery  to  nose 

Furnishings 

and 

Equ ipment 

Add  required  nose 
ballast 

Miscellaneous 

Relocate  tail  rotor, 
gearbox,  cover,  and  fin 

3  in.  aft 

Weight 

(lb) 


Moment 
(in. -lb) 


+11  +  3,872 


+ 

2,640 

+ 

132 

+ 

6,200 

+ 

1,056 

3,250 

Total  Change 


+228 


+  26,022 


TABLE  XX.  WEIGHT  AND  BALANCE, 

ALTERNATE  TEST  CONFIGURATION 


r 

Weight 

(lb) 

Arm 

(in.) 

Moment 
(in. -lb) 

Empty  Weight,  OH-58A 

1583 

118.2 

187,110 

Changes 

+  228 

♦  26,022 

Empty  Weight,  Alternate 
Test  Configuration 

1811 

117.7 

Add  Crew 

+  170 

65.0 

+  11,050 

Add  Engine  Oil 

+  11 

180.0 

+  1,980 

Gross  Weight,  Minimum 

1992 

113.5 

226,162 

Add  Crew  to  400  Lb 

+  230 

65.0 

Hgt§g|g| 

Add  Mission  Equipment 

+  323 

107.0 

1 

Add  Fuel 

+  455 

116.6 

H 

Gross  Weight,  Maximum 

3000 

109.6 

328,726 

OG  Limits:  Fuselage  Stations  105.2  to 

114.2 

7 .  Performance 


The  performance  of  the  alternate  test  heLicopter  in  observation 
and  sco missions  is  summarized  in  Table  XXI.  The  compari¬ 
sons  with  the  OH -58 A  are  based  not  on  equal  gross  weight  and 
range  but  on  equal  payload  and  fuel.  The  methods  used  in 
computing  these  data  have  given  results  that  correlate  well 
with  measured  data  cn  the.  0K-58A  and  the  Model  206A.  Payload 
for  the  observation  mission  includes  200  pounds  of  mission 
equipment  and  111  pounds  of  removable  armor.  For  the  scout 
mission,  an  additional  237  pounds  of  armament  is  carried.  At 
the  observation-mission  weight  of  2987  pounds,  the  hovering 
ceiling  is  5300  feet  on  a  standard  day.  Speed  is  Vne~limited 
to  105  knots. 

The  effects  of  the  double-swept-tip  planform  of  the  main-rotor 
blades  are  accounted  for  in  the  calculations  of  power  required. 
The  parasite  drag  of  the  OH-58A  is  increased  by  1.0  square  foot 
of  equivalent  drag  area  to  account  for  the  addition  of  the 
exhaust  silencers  and  their  supporting  structure.  For  the 
scout  configuration  (armed;,  an  additional  1.5  square  feet  of 
equivalent  drag  area  is  added  for  the  faired  weapon  instal¬ 
lation. 
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Power  available  and  fuel  flow  for  the  T63-A-700  engine  at  5000 
rpm  are  computed  using  the  Allison-supplied  engine -performance 
program.  The  installation  losses  employed  (Table  XXII)  are 
those  of  the  OH-58A,  except  for  the  exhaust -pres sure  rise, 
which  is  increased  by  3.3  inches  of  water  to  account  for  the 
exhaust  silencer. 


TABLE  XXI.  PERFORMANCE  SUMMARY, 

ALTERNATE  TEST  CONFIGURATION 


Gross  Weight 
Crew 
Payload 
Fuel 


lb 

lb 

lb 

lb 


Observation 

Mission 


2989 

400 

311 

455 


Scout 

Mission 


3170 

400 

548 

428 


Hovering  Ceiling,  0GE 
Standard  Day 
95°F 


ft 

ft 


5300 


3400 


Maximum  Speed ,  SLS 

Military  Rated  Power  kt 

Normal  Rated  Power  kt 


105(v  ) 

105  nc 


105 (V„  ) 
101 


ne 


Maximum  Rate  of  Climb, 
Maximum  Power 

fpm 

1330 

1095 

Maximum  Endurance,  SLS 

Day* 

hr 

3.55 

3.30 

Speed  for  Maximum 

Endurance,  SLS  Day 

kt 

50 

52 

Range ,  SLS* 

Normal  Rated  Power 

nm 

223 

207 

Long-Range  Cruise 

nm 

235 

218 

Long -Range  Cruis e  Speed , 

SLS  Day 

kt 

95 

97 

Rotor-Thrust  Coefficient, 

SLS  Day 

0.163 

0.172 

10-pct  fuel  reserve,  5-pct  increase  in 
specification  fuel  flow 


TABLE  XXII.  INSTALLATION  LOSSES,  ALTERNATE  TEST  CONFIGURATION 

Inlet -Pressure  Loss 

- ”  . . . . —  — 

(including  particle  separator) 

4.0  in.  of  water 

Inlet-Temperature  Rise 

2 . 5  °F 

Exhaust -Pressure  Rise 

4.8  in.  of  water 

Power  Extraction  (generator) 

2.0  hp 

The  rotor-thrust  coefficients  t  (Table  XXI)  are  for  the 
mission  weight  and  for  unacce Legated  flight  conditions  on  a 
sea-level-standard  day.  Because  the  main  rotor’s  chord  is  not 
constant,  an  equivalent  aerodynamic  chord  based  on  thrust  must 
be  used  in  calculating  tc.*-5  For  this  configuration,  it  is  18.75 
inches.  Since  thrust  coefficient  and  blade  stall  are  related, 
tc  is  a  measure  of  g-capability:  an  increase  in  tc  indicates 
a  decrease  in  g-capability. 

C.  OPERATIONAL  VERSION— PRIMARY  CONFIGURATION 

The  operational  versions  are  designed  to  have  performance, 
payload,  and  maneuverability  comparable  to  those  of  the 
OH-58A,  with  noise  levels  comparable  to  those  of  the  corre¬ 
sponding  test  versions.  Design  gross  weight  is  increased  to 
accommodate  the  payload  and  fuel  required  for  the  LOH  scout 
mission.  To  get  the  performance  of  the  OH-58A  in  the  modified 
aircraft  while  minimizing  changes  in  the  airframe,  transmission, 
and  drive  system,  a  larger  engine  is  used,  rather  than  an 
increased-diameter  main  rotor. 


"The  tip  speeds  of  both  the  main  and  tail  rotors  of  the  primary 
operational  configuration  are  the  same  as  those  of  the  primary 
test  configuration,  but  the  blade  chords  are  increased  to 
regain  the  rotor  lift  capability  that  is  lost  by  reducing  the 
tip  speeds.  Changes  in  the  gear  ratio  and  the  output -torque 
-capability  of  the  main  transmission  are  required,  and  the 
tail-rotor  gearbox  is  new.  Only  minor  changes  in  the  power- 
plant  installation  and  the  airframe  are  necessary,  although 
ballast  is  required  to  maintain  the  center-of -gravity  range. 
Sound -absorbing  material  is  added  to  engine  cowlings  and  fire¬ 
walls  ,  and  silencers  are  installed  on  the  engine  exhaust. 

1.  Rotor  System 

a .  Main  Rotor 


The  two  blades  of  the  35.33-foot-diameter  train  rotor  have  a 
20.65-inch  chord  to  85  percent  of  the  radius  and  a  linear  taper 
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to  a  6.88-inch  chord  at  the  tip.  The  rotor  is  designed  to 
operate  at  a  tip  speed  of  600  feet  per  second.  The  construc¬ 
tion  of  the  blade  is  similar  to  that  of  the  21-inch-chord  UH-1 
blade  (VI  .B.l) .  Its  mass  and  stiffness  distributions  are  so 
arranged  as  to  obviate  excessive  hub  and  control  loads.  Iner¬ 
tia  weights  are  used  to  tune  the  rotor,  but  the  weight  is  less 
than  in  the  alternate  test  configuration. 

Because  of  its  lower  rotational  speed  at  the  same  input  power, 
this  rotor's  static  torque  input  is  approximately  9  percent 
greater  than  that  of  the  OH-58A.  As  a  result,  the  in-flight 
oscillatory  loads  on  the  hub  and  the  mast  are  increased,  and 
some  local  strengthening  is  required.  Although  the  rotor  is 
capable  of  a  thrust  of  7700  pounds --an  increase  of  3  percent 
over  that  to  whiejy"  the  OH-58A  was  designed--the  effects  of 
this  increase  minor  and  local. 

b .  Tail  Rotor 

The  tail  rotor  is  identical  to  that  on  the  primary  test  config¬ 
uration  (Vl.A.l.b)  except  that  the  chord  is  increased  from  5.27 
to  6.21  inches. 
i 

2  .j  Drive  System 

Ttie  drive  system  is  rated  at  317  horsepower  for  takeoff  and  270 
horsepower  for  continuous  operation  at  an  engine  speed  of  6000 
rpm.  Its  general  configuration  is  identical  to  that  of  the 
OH-58A,  and  it  uses  many  of  the  same  parts,  but  the  main  trans¬ 
mission  is  redesigned,  the  tail-rotor  gearbox  and  the  mast  are 
new,  and  the  drive  shafting  is  modified. 

a.  Main  Transmission,  Drive  Shaft,  and  Mast 

The  redesigned  main  transmission  has  a  reduction  ratio  of  18.5 
to  1  (6000  to  324  rpm)  in  two  stages.  The  spiral-bevel  first 
stage  has  a  3.9S-tc-l  ratio;  the  planetary  second  stage  is  a 
standard  0H-58A  unit  with  a  ratio  of  4.667  to  1.  The  altered 
dimensions  of  the  higher-ratio  bevel  gears  make  it  necessary 
to  use  a  new  housing  and  a  different  arrangemeiit  of  the  bevel- 
gear  support  bearings.  Because  of  this  change,  the  main  drive 
shaft  and  the  rotor  mast  must  be  shortened  by  1/2  inch.  The 
roast  must  also  be  strengthened  by  increasing  the  thickness  of 
its  wall,  to  accommodate  the  9 -percent  increase  in  torque. 

b .  Tail-Rotor  Drive  System 

The  tail-rotor  drive  system  is  similar  to  that  oi  the  0H-58A, 
but  the  gearbox  is  new,  and  design  power  is  increased  to  80 
horsepower  at  6000  engine  rpm  because  of  the  higher  power 
available  at  altitude  and  the  increased  main-rotor  torque. 

The  reduction  ratio  of  the  new  gearbox  is  increased  to  3.06  to  1. 
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This  change  alt: rs  the  dimensions  and  thus  necessitates  a 
different  counting  attachment  to  the  tail  boom.  Since  "he  out¬ 
put  torque  of  .his  gearbox  is  82  percent  higher  than  chat  of 
the  QH-58A,  the  t.aiL-rotor  shaft  is  also  redesigned  for  the 
increased  "o  que. 

3 .  Power t .ant 

The  powerpl.ant  installation  is  es-'.e  iti  illy  t  ie  same  as  that  of 
the  test  versions,  but:  it  will  incorporate  any  refinements  that 
the  testi  show  to  be  necessary.  The  envelope  of  the  400-horse¬ 
power  A1  lison  Model  250-C20  engine  is  almost  identical  to  that 
of  the  T63-A-700.  The  necessary  changes --such  as  increasing 
the  size  of  the  oil  cooler  and  blower  to  accommodate  increased 
heat  re jection--are  minor.  The  engine  is  derated  to  317  horse¬ 
power  for  takeoff  and  270  horsepower  for  continuous  operation, 
and  it  operates  at  6000  rpm. 


Control  System 


The  flight -control  system  is.  ' -..ciionally  identical  to  that  of 
the  OH-58A.  The  hydraulic  system  and  the  control  linkages 
between  the  servo-actuatr rs  and  the  main  rotor  are  modified  to 
accommodate  the  nev: ,  wide-chcrd  blades..  The  operating  pressure 
of  the  hydraulic  system  i/<  increased  to  accommodate  the  in¬ 
creased  control  loa is  estimated  for  the  new  main  rotor. 


5 .  Airframe 


Minor  changes  in  the  GH-58A  airframe  accommodate  the  increase 
in  the  gross  weight  (from  3000  to  3220  pounds)  and  the  thrust 
capability  of  the  main  and  tail  rotors  :  The  gauges  of  the 
lauding -gear  crosstubes  and  the  monocoque  tail-boom  skins  are 
increased.  Symmetrical  structural  flight  loads  are  limited 
by  the  main  rotor's  thrust  capability,  which  is  approximately 
3  percent  more  than  that  of  the  OH-58A.  The  effect  is  negli¬ 
gible;  it  does  not  affect  the  airframe. 


Weight  and  Balance 


Weight  and  balance  cf  the  operational  versions  of  the  quiet 
helicopter  are  derived  from  current  data  on  the  production 
Model  0H-58A.  Changes  in  the  weight  and  center  of  gravity  of 
the  primary  operational  configuration  are  summarized  in 
Table  XXIII  and  in  the  group  weight  statement  in  Table  XXIV.  All 
the  changes  except  those  for  the  main  rotor  and  the  silencer 
are  *:st;x mated  from  0H-58A  parts.  The  silencer  weight  was 
supplied  by  the  vendor.  Nose  ballast  required  to  offset  the 
increased  weight  of  the  tail  rotor  is  45  pcu  Is. 
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TABLE  XXIII.  WEIGHT  AMD  MOMENT  CHANGES, 

PRIMARY  OPERATIONAL  CONFIGURATION 


Group 

Change 

BfPjllff 

Moment 

Itrol 

(in. -lb) 

Rotor 

Substitute  20 .65-in. -chord 
main  rotor 

+ 

79 

+8,453 

Tail 

Substitute  four-bladed,  62- 
in. -diameter  tail  rotor 

+ 

9 

+3,520 

Increase  fin  area  for 
increased  mai t-rotor  torque 

+ 

2 

+  712 

Body 

Increase  tail-boom  skin  gauge 
from  0.040  to  0.050  fo-' 

increased  tail-rotor  thrust 

+ 

5 

+1,365 

Alighting 

Add  strength  to  accommodate 

Gear 

increased  gross  weight 

+ 

5 

+  500 

Flight 

Increase  strength  of  rotating 

Controls 

controls  to  accommodate 
increased  gross  weight 

Modify  boost  cylinders  and 

+ 

2 

+  218 

supports  to  accommodate 
increased  control  loads 

♦ 

1 

+  82 

Engine 

Add  spray-on  sound-absorption 

Section 

material  to  cowl 

+ 

20 

+2,640 

Add  sound  baffles 

+ 

1 

+  132 

Propulsion 

Change  to  400-hp  Allison 

250-C20  engine 

♦ 

20 

+2,840 

Add  exhaust  silencers 

+ 

40 

+6,200 

Increase  engine-oil-cooler  size 

♦ 

2 

+  344 

Modify  drive  train  to  reduce 
rotor  rpm  and  to  accommodate 
increased  torque: 

Main  transmission 

+ 

8 

+  904 

Rotor  mast 

+ 

2 

+  216 

Tail-rotor  drive  shaft 

♦ 

2 

+  456 

Tail-rotor  gearbox 

+ 

5 

+1,760 

Electrical 

Relocate  battery  to  nose 

- 

-3,250 

Furnishings 
and  Equipment 

Add  required  nose  ballast 

+ 

45 

720 

89 


Total  Change 


248 


27,812 


TABLE  XXIV.  GROUP  WEIGHT  STATEMENT, 

PRIMARY  OPERATIONAL  CONFIGURATION 

Group 

Weight 

(lb) 

Rotor 

359 

Tail 

42 

Body 

331 

Alighting  Gear 

39 

Flight  Controls 

126 

Engine  Section 

56 

Propulsion 

502 

Engine  Installation 

156 

Air  Induction 

11 

Exhaust 

44 

Fuel 

39 

Lubricating 

29 

Controls 

10 

Starting 

18 

Drive 

195 

Instruments 

54 

Electrical 

81 

Avionics 

97 

Furnishings  and  Equipment 

87 

Air  Conditioning 

24 

Unusable  Fuel 

6 

Undrainable  Fuel 

3 

Undrainable  Oil 

1 

Weight  Record  Adjustment 

23 

♦ -  .  ■  - - 

Empty  Weight 


1831 


The  weight  of  the  main-rotor  assembly  was  derived  by  two 
methods.  The  weight  Ww-  shown  in  the  statement  is  derived  by 
the  first  method,  using*the  general  equation: 


0.43 


-0.83  0.69  M  0.58 

R  c  N0 


(25) 


where  K^,, 

w  , 


the  rotor  constant,  = 
the  hub-material  constant,  = 
the  design  gross  weight  in  pounds, = 


6.94  for  a  tee¬ 
tering  rotor 
1.0  for  steel 

3200 


Np,  the  limit  flight-load  factor,  =  2.5 

R  ,  the  radius  in  feet,  =  17.67 

c  ,  the  chord  in  feet,  =  1.971 

Ng,  the  number  of  blades,  a  2 

Because  of  the  tapered  planform  of  the  blades,  an  equivalent 
aerodynamic  chord  of  17.65  inches,  rather  than  the  20.65-inch 
maximum  chord,  was  used.  In  the  second  method,  separate 
expressions  are  used  for  the  basic  blade  structure,  inertia 
and  vibration-control  weights,  and  the  structure  of  the  hub 
and  the  grip.  The  weights  calculated  by  this  method  verify 
those  found  by  using  the  general  equation. 


Mission  gross  weights  and  centers  of  gravity  are  presented  in 
Table  XXV. 


7 .  Performance 

The  performance  of  the  primary  operational  configuration  in 
observation  and  scout  missions  is  summarized  in  Table  XXVI. 
Payload  for  the  observation  saission  includes  200  pounds  of 
mission  equipment  and  111  pounds  of  removable  armor.  For  the 
scout  mission,  an  additional  237  pounds  of  armament  is  carried. 
The  comparisons  with  the  OH-58A  are  based  not  on  equal  gross 
weight  and  range  but  on  equal  payload  and  fuel.  At  the 
observation-mission  weight  of  3008  pounds,  the  hovering  ceiling 
is  12,600  feet  on  a  standard  day  and  4700  feet  at  95°F.  Maxi¬ 
mum  speed  is  123  knots. 

The  effects  of  the  tapered  planform  of  the  main-rotor  blades 
are  accounted  for  in  the  calculations  of  power  required.  The 
parasite  drag  of  the  OH-58A  is  increased  by  1.0  square  foot  of 
equivalent  drag  area  to  account  for  the  addition  of  the  ex¬ 
haust  silencers  and  their  supporting  structure.  For  the  scout 
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TABLE  XXV.  WEIGHT  AND  BALANCE, 

PRIMARY  OPERATIONAL  CONFIGURATION 


Weight 

(lb) 

Arm 

(in.) 

"■  ‘  '  1 

Moment 
(in. -lb) 

Empty  Weight,  OH-58A 

1583 

118.2 

187,110 

Changes 

+  248 

+  27,812 

Empty  Weight,  Primary 
Operational  Configuration 

+  1831 

117.4 

214,922 

Add  Crew 

♦  400 

65.0 

+  26,000 

Add  Mission  Equipment 

+  200 

107.0 

+  21,400 

Add  Removable  Armor 

+  111 

75.7 

+  8,403 

Add  Engine  Oil 

♦  11 

180.0 

+  1,980 

Add  Fuel 

+  455 

116.6 

+  53,053 

Gross  Weight,  Observation 
Mission 

3008 

- 

108.3 

325,758 

Add  Armament 

+  237 

107.2 

+  25,413 

Remove  Fuel  to  428  Lb 

-  27 

124.5 

-  3,362 

Gross  Weight,  Scout  Mission 

3218 

108.1 

347,809 

CG  Limits:  Fuselage  Stations  105.2  to  114.2 


TABLE  XVI.  PERFORMANCE  SUMMARY, 

PRIMARY  OPERATIONAL  CONFIGURATION 


Observation 

Scout 

Mission 

Mission 

Gross  Weight 

lb 

3008 

3218 

Crew 

lb 

400 

400 

Payload 

lb 

311 

548 

Fuel 

lb 

455 

438 

Hovering  Ceiling,  OGE 

Standard  Day 

ft 

12,600 

10, 450 

95°F 

ft 

4700 

3100 

Maximum  Speed,  SLS  Day 

Military  Rated  Power 

kt 

123 

119 

Normal  Rated  Power 

kt 

115 

111 

Maximum  Rate  of  Climb, 

Maximum  Power 

fpm 

1560 

Maximum  Endurance,  Sli>  Day* 

hr 

3.4 

3.1 

Speed  for  Maximum  Endurance 

kt 

50 

51 

Range ,  SLS  Day* 

Normal  Rated  Power 

run 

227 

212 

Long-Range  Cruise 

nm 

241 

223 

Cruise  Speed,  SLS  Day 

kt 

102 

102 

Rotor-Thrust  Coefficient, 

SLS  Day 

• 

0.136 

0.145 

*  10-pct  fuel  reserve,  5-pct 

increase  in 

specification  fuel  flow 

configuration  (armed),  an  additional  1.5  square  feet  of  equiv¬ 
alent  drag  area  is  added  for  the  faired  weapon  installation. 


Power  available  and  fuel  flow  for  the  250-C20  engine  are  based 
on  data  for  the  T63-A-700  engine,  computed  with  the  Allison- 
supplied  engine -performance  program.  The  power  of  the  T63-A-700 
at  6000  rpra  is  increased  by  the  ratio  of  the  military  rated 
power  of  the  250-C20  to  that  of  the  T63-A-700.  At  the  same 
power,  fuel  flow  is  the  same  for  both  engines.  The  installa¬ 
tion  losses  employed  (Table  XXVII)  are  those  of  the  0H-58A, 
except  for  the  exhaust -pres sure  rise  which  is  increased  by  3.3 
inches  of  water  to  account  for  the  exhaust  silencer. 

The  rotor-thrust  coefficients  t  (Table  XXVI)  are  for  the 
mission  weight  and  for  unaccelefated  flight  conditions,  on  a 
sea-level-standard  day.  Because  the  main  rotor’s  chord  is  not 
constant,  an  equivalent  aerodynamic  chord  based  on  thrust  must 
be  used  in  calculating  tc.i5  For  this  configuration,  it  is 
17.65  inches.  Since  thrust  coefficient  and  blade  stall  are 
related,  t  is  a  measure  of  g-capability . 


TABLE  XVII.  INSTALLATION  LOSSES, 

PRIMARY  OPERATIONAL  CONFIGURATION 


Inlet -Pressure  Loss 

(including  particle  separator) 

Inlet -Temperature  Rise 


4.0  in.  of  water 


2  .5 °F 


Exhaust -Pres sure  Rise 


4.8  in.  of  water 


Power  Extraction 
(generator) 


2.0  hp 


D.  OPERATIONAL  VERSION- -ALTERNATE  CONFIGURATION 


The  lower  main-rotor  tip  speed  reduces  impulsive  noise,  but 
it  makes  an  increase  in  blade  chord  necessary  to  maintain 
thrust  capacity.  The  engine  is  also  larger  than  that  in  the 
teat  configuration,  and  the  transmission  and  drive  system  are 
extensively  redesigned.  The  length  of  the  tail  boom  is  in¬ 
creased  to  provide  clearance  between  the  main  rotor  and  the 
increesed-diameter  tail  rotor,  and  the  gauges  of  the  tail-boom 
skins  are  increased  to  withstand  the  higher  tail-rotor  thrust. 
Some  local  strengthening  of  the  airframe  is  required,  and 
ballast  is  used  to  keep  the  center  of  gravity  within  the 
allowable  range,  A  number' of  control-system  changes  are  also 
required.  Sound-absorbing  material  is  added  to  cowlings,  and 
silencers  are  installed  on  the  engine  exhaust. 


1 .  Rotor  System 


The  two-bladed  main  rotor  is  designed  to  operate  at  a  tip  speed 
of  530  feet  per  second.  Its  blades  have  a  30.95-inch  chord  and 
double-swept  tips.  They  are  of  aluminum  alloy,  with  stainless- 
steel  abrasion  strips  on  the  leading  edges  and  with  double-swept 
molded-f iberglass  tips.  A  lightweight  spar  forms  the  forward  25 
percent  of  each  blade.  The  portion  aft  of  the  spar  is  a  full- 
depth  honeycomb- sandwich  structure  that  terminates  on  a  trailing- 
edge  strip.  Bonded  doublers  reinforce  the  area  where  the  blade 
is  attached  to  the  grip.  Inertia  weights  at  the  mid span  and  the 
tip  are  used  for  proper  placement  of  the  rotor's  natural  fre¬ 
quencies.  In  its  general  configuration,  the  hub  is  similar 
to  that  of  the  OH-58A,  but  the  size,  strength,  and  stiffness  of 
the  hub  and  the  mast  are  increased  to  accommodate  the  longer- 
chord  blade. 


The  four-bladed  tail  rotor  is  69  inches  in  diameter.  The  blades 
have  double  swept  tips,  and  a  chord  of  6.33  inches.  The  tip 
speed  is  530  feet  per  second. 


Drive  System 


The  system  is  rated  at  317  horsepower  for  takeoff  and  270  horse¬ 
power  for  continuous  operation  at  an  engine  speed  of  6000  rpm. 
Although  it  is  similar  in  arrangement  to  that  of  the  primary 
configuration  (VI. C. 2),  almost  all  its  components  are  new.  The 
new  mast  and  the  tail-rotor  drive  shafting  have  greater  torque 
capacities,  the  reduction  ratios  of  the  main  transmission  and 
the  tail -rotor  gearbox  are  higher,  and  the  main  drive  shaft  is 
shortened  to  accommodate  the  new  reduction  units.  The  new  main 
transmission  has  a  20.9-to-l  reduction  ratio,  which  increases 
the  torque  to  the  main  rotor  over  that  of  the  0H-58A  at  the 
same  engine  power.  This  increase  in  torque  necessitates  the 
use  of  a  new,  large r-diame ter  mast. 


The  all-new  tail-rotor  drive  system  is  also  similar  in  arrange¬ 
ment  to  that  of  the  OH-58A,  but  it  is  designed  to  transmit  87 
horsepower  continuously  at  6000  engine  rpm.  The  gearbox  has 
a  3.41-to-l  reduction  ratio--49  percent  higher  than  that  of  the 
OH-58A . 


3.  Powerplant 

The  powerplant,  an  Allison  250-C20  engine  derated  to  317  horse¬ 
power,  is  the  same  as  that  in  the  primary  operational  version 
(VI.C.3). 


Control  System 


The  control  system  is  similar  to  that  of  the  primary  operational 
configuration  (VI. C. 4).  However,  the  servo— actuators  and 
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controls  between  the  actuators  and  the  main  rotor  are  new, 
principally  because  of  the  larger-diameter  mast  and  the 
higher  control  loads  induced  by  the  wide-chord  rotor  blades. 

5 .  Airframe 

The  0H-58A  airframe  is  strengthened  in  this  configuration  to 
accommodate  the  higher  gross  weight  and  the  greater  thrust  capa¬ 
bility  of  the  main  and  tail  rotors.  The  gross  weights  and  maxi¬ 
mum  thrusts  of  the  two  aircraft  are  compared  in  Table  XXVIII. 

The  20-percent  increase  in  main-rotor  thrust  makes  it  necessary 
to  strengthen  the  pylon-support  structure  and  the  box  beam  that 
forms  the  overhead  structure  of  the  cabin.  Because  of  the 
increased  gross  weight,  the  crosstubes  of  the  skid  gear  are 
strengthened,  and  the  tail  boom  is  strengthened  to  accommodate 
the  greater  thrust  of  the  tail  rotor.  All  these  changes  are 
accomplished  by  increasing  the  gauges  of  sheet  metal  or  the 
thicknesses  of  machined  parts . 

The  only  other  significant  airframe  change  results  from  the 
increase  of  tail-rotor  diameter  from  62  to  69  inches.  To  main¬ 
tain  the  clearance  between  the  main  and  tail  rotors,  the  length 
of  the  tail  boom  is  increased  by  3.5  inches. 

Since  most  of  these  changes  add  weight  aft  of  the  center  of 
gravity,  70  pounds  of  nose  ballast  and  supporting  structure  is 
required.  The  basic  structure  of  the  fuselage  needs  no 
strengthening  for  this  weight;  only  local  structural  carry - 
through  is  added. 


TABLE  XXVIII.  GROSS  WEIGHT  AND  ROTOR  THRUST,  OH-58A 

AND  ALTERNATE  OPERATIONAL  CONFIGURATION 


OH-58A 

Alternate  Operational 
Configuration 

Gross  Weight 

lb 

3000 

3400 

Maximum  Main-Rotor 
Thrust 

lb 

7500 

9000 

Maximum  Tail -Rotor 
Thrust 

lb 

350 

535 

6 .  Weight  and  Balance 

Weight  and  balance  data  for  the  alternate  operational  config¬ 
uration  are  derived  from  current  data  on  the  production  Model 
OH-58A.  Changes  in  the  weight  and  center  of  gravity  are 
summarized  in  Table  XXIX,  the  group  weight  statement  in  Table 
XXX,  and  weight  and  balance  calculations  in  Table  XXXI. 


Group 


Rotor 


Tail 


Body 


Alighting 

Gear 

Flight 

Controls 


Eng  ine 
Section 


Propulsion 


TABLE  XXIX.  WEIGHT  AND  MOMENT  CHANGES, 

ALTERNATE  OPERATIONAL  CONFIGURATION 


Change 

Substitute  30. 95-in. -chord 
main-rotor  assembly 

Substitute  four-bladed, 

69-in. -diameter  tail  rotor 

Increase  fin  area  for 
increased  main-rotor  torque 

Increase  tail-boom  skin  gauge 
from  0.040  to  0.063  for 
increased  tail -rotor  thrust 

Extend  tail  boom  3  in. 

Add  strength  to  accommodate 
increased  gross  weight 

Increase  strength  of  rotating 
controls  to  accommodate 
increased  gross  weight 

Modify  boost  cylinders  and 
supports  to  accommodate 
increased  control  loads 

Add  spray-on  sound-absorption 
material  to  cowl 

Add  sound  baffles 

Change  to  400-hp  Allison 
250-C20  engine 

Add  exhaust  silencers 

Increase  engine-oil-cooler 
size  to  accommodate  larger 
engine 

Modify  drive  train  for  reduced 
rotor  speed  and  increased 
torque : 

Main  transmission 
Rotor  mast 

Tail-rotor  drive  shaft 
Tail-rotor  gearbox 


Weight 

(lb) 

Moment 
(in. -lb) 

+204 

+21,828 

+  11 

+  4,224 

+  3 

+  1,068 

+  10 

+  2,730 

+  1 

+  338 

+  5 

+  500 

+  5 

+  545 

+  4 

+  328 

+  20 

+  2,640 

+  1 

+  132 

+  20 

+  2,840 

+  40 

+  6,200 

+  2 

+  344 

+ 

20  ♦ 

2,260 

+ 

5  + 

540 

«fr 

3  + 

684 

♦ 

6  + 

2,112 
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TABLE  XXIX  -  Continued 


Weight  Moment 
(lb)  (in.-lb) 


Change 


Electrical 

Relocate  battery  to  nose 

-  3,250 

Furnishings 
and  Equipment 

Add  required  nose  ballast 

+  70 

+  1,120 

Miscellaneous 

Relocate  tail  rotor,  gearbox, 
cover  and  fin  3  in.  aft 
for  increased-diameter  tail 
rotor 

+  135 

Total  Changes 

+430 

+47,183 

TABLE  XXX.  GROUP  WEIGHT  STATEMENT, 

ALTERNATE  OPERATIONAL  CONFIGURATION 

— 

Group 

Weight 

(lb) 

Rotor 

484 

Tail 

45 

Body 

337 

Alighting  Gear 

39 

Flight  Controls 

132 

Engine  Section 

56 

Propulsion 

519 

Engine  Installation 

156 

Air  Induction 

11 

Exhaust 

44 

Fuel 

39 

Lubricating 

29 

Controls 

10 

Starting 

18 

Drive 

212 

Instruments 

54 

Electrical 

81 

Avionics 

97 

Furnishings  and  Equipment 

112 

Air  Conditioning 

24 

Unusable  Fuel 

6 

Undrainable  Fuel 

3 

Undrainable  Oil 

1 

Weight  Record  Adjustment 

23 

Empty  Weight 
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TABLE  XXXI.  WEIGHT  AND  BALANCE,  ALTERNATE 
OPERATIONAL  CONFIGURATION 

Weight 

(lb) 

Arm 
(in. ) 

Moment 
(in. -lb) 

Empty  Weight ,  0H-58A 

1583 

118.2 

187,110 

Changes 

+  430 

♦  47,183 

Empty  Weight,  Alternate 
Operational  Version 

2013 

116.4 

234,293 

Add  Crew 

+  400 

65.0 

+  26,000 

Add  Mission  Equipment 

+  200 

107.0 

+  21,400 

Add  Removable  Armor 

+  111 

75.7 

+  8,403 

Add  Engine  OiL 

+  11 

180.0 

+  1,980 

Add  Fuel 

+  455 

116.6 

+  53,053 

Gross  Weight,  Observation 
Mission 

3190 

108.2 

.  _ 

345,129 

Add  Armament 

♦  237 

+  25,413 

Remove  Fuel  to  428  Lb 

-  27 

-  3,362 

Gross  Weight,  Scout  Mission 

3400 

108.0 

367,180 

OG  Limits:  Fuselage  Stations  105.2  to 

114.2 

7 .  Performance 

The  performance  of  the  alternate  operational  configuration  in 
observation  and  scout  missions  is  summarized  in  Table  XXXII. 
Payload  for  th^  observation  mission  includes  200  pounds  of 
mission  equipment  and  111  pounds  of  removable  armor.  For  the 
scout  mission,  an  additional  237  pounds  of  armament  is  carried. 
The  comparisons  with  the  0H-5A  are  not  based  on  gross  weight  and 
range  but  on  equal  payload  and  fuel.  At  the  observation- 
mission  weight  of  3187  pounds  the  hovering  ceiling  is  11,100 
feet  on  a  standard  day  and  3900  feet  at  95  °F.  Maximum  speed  is 
116  knots . 

The  effect  of  the  double -swept-tip  planform  of  the  main-rotor 
blades  is  accounted  for  in  the  calculation  of  power  required. 

The  parasite  drag  of  the  OH-58A  is  increased  by  1.0  square  foot 
of  equivalent  drag  area  to  account  for  the  addition  of  the 
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tyhaust  silencers  and  their  supporting  Suncrure.  For  the 
scout,  configuration  (armed-,  an  additional  1.5  square  ieac  o£ 
equivalent  drag  area  is  added  for  the  fair  d  weapon  instal¬ 
lation  . 

''over  available  and  fuel  flow  for  tht  T6  '  -A-7  )0  enginc  c. t  5t  Qn 
rpm  are  comouted  using  the  AI lisoa-t appli ed  engine- performance 
program.  The  installation  lost.es  employed  (Tab’  XXXIII)  are 
those  of  the  0H-58A,  except  for  tb  ■.  exhaust -press  ire  rise,  which 
is  increased  by  3.3  inches  of  water  t«:  account,  f  r  the  exhaust 
silenc.e  in 


TABLE  XXXII.  PERFORMANCE  SUMMAI-'.f,  ALTERNATE 
OPERATIONAL  COm-iURA'-  ION 


Observa* icn 

Scout 

Mir.si  on 

Mission 

Giors  '-.'eight 

lb 

3190 

3400 

Crew 

lb 

400 

400 

Payload 

lb 

311 

548 

Fuel 

lb 

455 

428 

Hovering  Ceiling,  OGE 

Standard  Day 

ft 

11,190 

9000 

93  'F 

ft 

3900 

2400 

Maximum  Speed ,  SLS 

Military  Rated  Power 

kt 

116 

HI 

Normal  Rated  Power 

kt 

109 

104 

Maximum  Rate  of  Climb, 

Max ’mum  Tower 

f  c/m  in 

1.500 

1 2  0 

Maximum  Endurance , 

i 

SLS  Day* 

hr 

3.22 

2.96 

Spaed  for  Maximum 

Endurance,  SLS  Day 

kt 

51 

52 

Range,  ST.S  Day* 

Normal  ?latcd  Power 

nm 

217 

203 

"Long- Range  Cruise 

\ 

rui> 

227 

210 

1  Cruise  Speed,  SLS  Day 

kt 

100 

”■ 

100 

Rotor-Thrust  Coefficient, 

1  SLS  D  ,y 

0.126 

0.134 

*  10-pc.  fuel  reserve,  5-pct  increase  in 
specification  fuel  flow _ _ 
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TABLE  XXXIII.  INSTALLATION  LOSSES, 

ALTERNATE  OPERATIONAL  CONFIGURATION 


Inlet -Pressure  Loss 

4.0  in 

(including  particle 

separator) 

Inlet -Temperature  Rise 

2 . 5  °F 

Exhaust -Pressure  Rise 

4.0  in, 

Power  Extraction 

2.0  hp 

(generator) 

; 

The  rotor-thrust  coefficients  t  (Table  XXXII)  are  for  the 
mission.  weight  and  for  unaccelerated  flight  conditions,  on  a 
eea-level-standard  day.  Because  the  main  rotor's  chord  is  not 
constant,  an  equivalent  aerodynamic  chord  based  on  thrust  must 
be  used  in  calculating  tc.^-5  For  this  configuration,  it  is  25.9 
inches.  Since  thrust  coefficient  and  blade  stall  are  related^ 
t  is  a  measure  of  g-*capabi  l.ity. 
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VII.  COMPARISONS  WITH  OH-58A 


The  quiet-helicopter  configurations  are  compared  with  the 
OH-58A  in  terms  of  their  performance  and  their  noise  to  show 
the  effects  of  applying  quieting  features  to  the  OH-58A.  The 
performance  of  _ the  test  configurations  is  compared  with  that 
of  the  OH-58A  in  the  LOH  observation  mission.  The  gross 
weights  at  which  the  operational  configuration  can  carry  the 
fuel  and  payload  for  the  LOH  observation  and  scout  missions 
are  the  basis  for  comparing  their  performance.  The  noise 
levels  of  all  configurations  vary  considerably  with  flight 
condition,  aspect,  and  distance.  Performance  curves  and  tabu¬ 
lated  noise  data  for  assessing  the  effects  of  quieting  fea¬ 
tures  in  other  missions  are  also  presented. 

A.  PERFORMANCE 

1 .  Test  Configurations 

Table  3QQCIV  summarizes  the  performance  comparisons  of  the  test 
configurations.  Mission  performance  and  the  ratios  of  empty 
weight  and  useful  load  to  gross  weight  are  shown  for  three 
conditions:  with  payload  and  range  the  same  as  those  of  the 
OH-58A,  with  the  hover  ceiling  and  payload  the  same  as  those 
of  the  OH-58A,  and  with  maneuvering  capability  the  same  as 
-that  of  the  OH-58A.  With  the  same  payload  and  range,  the 
OH-58A  can  hover  OGE  on  a  95°F  day  at  1700  feet,  the  primary 
test  configuration  at  800  feet,  and  the  alternate  test  config¬ 
uration  not  at  all.  Keeping  the  hover  ceilings  and  payloads 
constant  reduces  the  range  of  the  primary  test  conf iguration 
by  54  nautical  miles,  and  that  of  the  alternate  conf iguration 
by  125  nautical  miles.  When  maneuver  capability  (as  evidenced 
in  the  thrust  coefficient)  is  held  constant,  the  useful  load 
of  the  primary  test  configuration  is  reduced  from  1177  to 
331  pounds. 

Figure  36  shows  that  at  a  given  gross  weight,  the  hover  ceilings 
of  the  test  configurations  are  within  200  feet  of  that  of  the 
OH-58A.  The  maximum  continuous  speed  of  the  primary  configura¬ 
tion  (Figure  37)  is  3  to  5  knots  lower  than  that  of  the  OH-58A; 
it3  available  power  is  less  because  of  the  reduction  in  engine 
speed.  The  alternate  configuration  is  limited  to  105  knots, 
but  at  gross  weights  above  2800  pounds,  the  limit  is  determined 
by  maximum  continuous  power.  Its  maximum  speed  is  7  to  11 
knots  less  than  that  of  the  OH-58A. 

The  specific  range  (Figure  36)  of  the  primary  configuration  is 
as  much  as  14  percent  greater  than  that  of  the  OH-58A  at 
minimum-power  speed,  and  2  to  3  percent  greater  at  long-range 
cruise  speed.  At  maximum  continuous  speed,  however,  it  is 
about  5  percent  less.  The  alternate  configuration  compares 


102 


TABLE  XXXIV.  PERFORMANCE  COMPARISONS,  TEST  CONFIGURATIONS,  OBSERVATION  MISSION* 

OK  -  5  8  A  [  Primary  _ Alternate  _ 
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PRESSURE  ALTITUDE 


GROSS  WEIGHT  -  LB 


Figure  36.  Hovering  Ceilings,  Test  Configurations. 
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TRUE  AIRSPEED 


w  h 


SPECIFIC  RANGE  -  NM/LB  FUEL 


GROSS  WEIGHT  -  LB 


Figure  38.  Specific  Range,  Test  Configurations 


similarly  with  the  OH-58A.  At  minimum-power  speed,  the 
specific  range  of  the  alternate  configuration  is  7  to  10  per¬ 
cent  greater;  at  long-range-cruise  speed,  it  is  2  percent 
greater;  at  maximum  continuous  speed,  it  is  8  percent  less. 

Figures  39  through  41  show  payload-range  for  maximum  continuous, 
long-range-cruise,  and  minimum-power  speeds  at  design  gross 
weight,  and  at  long-range-cruise  speed  for  the  gross  weight 
at  which  each  configuration  can  hover  OGE  under  the  same  condi¬ 
tions  as  the  OH-58A-- 1700  feet  on  a  95°F  day. 


2 .  Operational  Configurations 

Performance  of  the  two  operational  configurations  in  the  LOH 
observation  and  scout  missions  is  compared  in  Table  XXXV  with 
that  of  the  OH-58A.  The  primary  configuration's  hovering 
ceiling  is  3000  feet  higher  than  that  of  the  OH-58A,  but 
its  range,  speed,  and  endurance  are  virtually  unchanged.  The 
alternate  configuration's  hovering  ceilings  for  the  two  mis¬ 
sions  are  2200  and  2300  feet  higher  than  those  of  the  0H-58A. 

Its  speed  and  endurance  are  not  appreciably  affected,  but  its 
range  is  slightly  reduced.  The  increases  in  empty  weight  are 
significant:  15  percent  for  the  primary  and  27  percent  for 
the  alternate  configuration. 

The  hoyering  ceilings  of  the  alternate  configuration  (Figure  42) 
are  slightly  higher  than  those  of  the  primary  configuration, 
and  both  are  substantially  higher  than  those  of  the  0H-58A. 

The  greatest  difference  in  the  speeds  at  maximum  continuous 
power  (Figure  43)  is  6  knots. 

The  specific-range  data  in  Figure  44  are  compared  with  the 
OH-58A  data  in  Figure  38.  At  long- range-cruise  speed  and 
design  gross  weight,  the  primary  configuration  (3220  pounds) 
and  the  OH-58A  (3000  pounds)  have  the  same  specific  range, 
but  that  of  the  alternate  configuration  (3400  pounds)  is 
6.5  percent  lower.  Figures  45  and  46  show  payload-range  for 
the  operational  configurations  comparable  to  the  OH-58A  curves 
in  Figure  39. 

For  a  range  of  100  nautical  miles  at  design  gross  weight  and 
long-range-cruise  speed,  the  0H-58A  has  a  payload  of  820 
pounds;  the  primary  configuration,  770  pounds;  and  the  alter¬ 
nate  configuration,  780  pounds.  For  a  200-nautical-mile 
range,  these  payloads  are  reduced  to  635,  585,  and  580  pounds. 
At  observation-mission  gross  weights  (payload  of  311  pounds, 

455  pounds  of  fuel),  the  OH-58A's  range  is  245  nautical  miles, 
the  primary  configuration's  is  241  nautical  miles,  and  the 
alternate  configuration's  is  227  nautical  miles. 


PAYLOAD 


Figure  40. 


Payload-Range,  Primary  Test  Configuration. 


PAYLOAD 


0  40  80  120  160  200  240  28C 

RANGE  -  NM 


Figure  41.  Payload-Range,  Alternate  Test  Configuration. 
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TABLE  XXXV.  PERFORMANCE  COMPARISONS,  OPERATIONAL  CONFIGURATIONS* 
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Figure  42.  Hovering  Ceilings,  Operational  Configurations 
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Figure  44.  Specif ic  Range,  Operational  Configurations. 
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Figure  45.  PayLoad-Range ,  Primary  Operational  Configuration. 
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B.  NOISE  COMPARISONS 


The  perceived  noise  levels  predicted  for  all  four  configura¬ 
tions  are  compared  with  those  of  the  OH-58A  in  Tables  XXXVI  and 
XXXVII ,  for  hover  and  for  forward  speeds  up  to  113  knots  at 
azimuths  of  0,  90,  180,  and  270  degrees.  To  illustrate  how  the 
weight  of  a  helicopter  affects  its  noise,  the  tables  also  show 
the  perceived  noise  levels  predicted  for  the  two  test  configu¬ 
rations  when  they  are  operating  at  near-minimum  gross  weights 
(see  Tables  XVI  and  XX). 

Noise  levels  200  feet  from  the  primary  test  configuration  in 
hover  at  design  gross  weight  are  6  to  9  PNdb  below  those  of  the 
0H-58A.  The  reduction  is  as  much  as  13  PNdb  directly  in  front 
of  the  helicopter  in  forward  flight  at  its  maximum  speed.  The 
reductions  are  more  pronounced  at  4000  feet:  in  hover,  the 
primary  test  configuration  is  10  to  11  PNdb  quieter  than  the 
OH-58A,  but  in  high-speed  forward  flight  ,  it  is  23  PNdb  quieter 
in  front  of  the  helicopter.  At  design  gross  weight,  the  alter¬ 
nate  test  cotif iguration  is  about  3  PNdb  quieter  under  all 
conditions  than  the  primary  configuration.  The  perceived  noise 
levels  of  the  two  operational  configurations  are  approximately 
the  same  as  those  of  the  test  configurations. 

The  gross  weight  at  which  a  helicopter  operates  has  significant 
effects  on  its  noise.  For  example,  when  the  useful  load  of  the 
primary  test  configuration  is  reduced  to  lower  its  gross  weight 
from  3000  to  2000  pounds,  the  predicted  noise  levels  at 
0  degrees  and  4000  feet  are  7  PNdb  lower  in  hover  and  about  6 
PNdb  lower  in  forward  flight  than  they  are  when  the  helicopter 
operates  at  design  gross  weight. 

As  a  measure  of  the  significance  of  perceived  noise  levels, 
these  levels  are  related  in  Figure  47  to  a  scale  of  "noisiness". 
The  curve  represents  subjective  judgments  of  a  100-Hertz  tone 
when  its  sound-pressure  level  is  reduced  from  an  original  level 
of  50  db.  For  example,  the  primary  test  configuration's  10- 
PNdb  reduction  in  hover  would  be  perceived  as  a  50-percent 
reduction  in  noisiness. 
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TABLE  XXXVI.  PERCEIVED  NOISE  LEVELS  AT  200  FEET 
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Figure  47.  Noisiness  as  a  Function  of  perceived 
Noise  Level. 
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VIII.  DESIGN  MODIFICATIONS  AND  TEST  PROGRAM 


A  program  is  defined  to  confirm  the  predicted  noise  reductions 
for  a  test/demonstrator  version  of  a  quiet-modified  OH-58A. 

The  program  is  for  either  the  primary  test  configuration  (which 
uses  modified  OH-58A  main-rotor  blades)  or  the  alternate  test 
configuration  (which  uses  modified  UH-1D  main-rotor  blades 
operating  at  a  reduced  tip  speed).  No  major  changes  in  the 
drive  system,  powerplant ,  or  airframe  are  required  for  either 
configuration.  The  primary  configuration  has  the  maximum 
possible  noise  reduction  of  the  overall  noise  level  with  mini¬ 
mum  modification  and  cost.  The  alternate  configuration  provides 
an  additional  reduction  of  main-rotor  impulsive  noise. 

In  the  program  for  the  pr. . .ary  configuration,  the  need  for 
modification  to  the  main-rotor  tip  will  be  determined  by 
measuring  noise  with  and  without  the  tip  modifications.  The 
engine  silencer  will  be  developed.  Noise  tests  will  be  con¬ 
ducted  on  the  ground  and  in  flight  to  measure  noise  of  the 
quiet  helicopter  and  to  compare  its  noise  with  that  of  the 
OH- 58a .  Aural- detection  tests  will  be  conducted  to  determine 
detection  range  under  simulated  observation-helicopter  operating 
conditions. 

Regardless  of  which  configuration  is  chosen  for  the  test 
program,  it  would  be  possible  to  subsequently  test  the  other 
configuration  in  a  follow-on  program  at  less  than  total-program 
cost  for  both  programs  separately.  Some  additional  changes  are 
required  to  run  the  two  programs  sequentially,  but  the  same 
basic  tail-rotor  design,  tail-rotor  gearbox,  engine  exhaust 
silencers,  and  cowling  modifications  are  common  to  both  pro¬ 
gram."  , 

D  "n,  limited  component  and  ground  tests,  and  a  10-hour 
f  1:  ght-rest  program  will  be  performed  for  the  test  version. 
Eesign.vork  will  be  required  for  the  rotor  medif ications ,  the 
ney  ^ail-rotor  gearbox,  and  the  er.gine-and-transmi ssion- 
s il«.  icing  modifications.  A  5-hour  bench  test  to  check  out 
the  i.pvi  tail-rotor  gearbox,  using  the  existing  206A  tail-rotor- 
geerbox  test  stand,  will  be  required.  It  is  assumed  that  a 
bailed  helicopter  will  be  available  for  the  program.  Ground 
runs  of  the  complete  helicopter,  the  helicopter  with  main  rotor 
and  engine  only,  and  with  tail  rotor  and  engine  only  will  be 
made  co  verify  structural  integrity  and  to  measure  noise. 

Flight- load  measurements  will  be  made  for  the  flight  conditions 
required  during  noise  tests.  Selected  main-  and  tail-rotor 
blade  and  hub  stations  will  be  instrumented.  The  noise  test 
program  will  consist  of  an  exhaust-silencer  evalt  ition,  a 
component-noise  test,  hover-and-f lyover  noise  measurements,  and 
aurai-detec Cion  tnsts  and  analyses.  Noise  of  the  test  heli¬ 
copter  will  be  analyzed  and  compared  with  that  of  the  OH-58A. 

The  plan  of  performance  is  shown  in  Figure  48. 
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DESIGN 


A.  ENGINE-SILENCER  EVALUATION 


The  helicopter  will  be  ground-run  with  the  main-  and  tail-rotor 
drive  shafts  disconnected.  Noise  will  be  measured  at  200  feet 
from  the  aircrrft,  with  the  engine  running  at  the  maximum 
speed  attainable  with  four  exhaust-pipe  configurations:  the* 
standard  OH-58A  exhaust  deflector,  the  exhaust-noise  silencer  as 
designed,  the  silencer  with  some  sections  removed,  and  a 
silencer  shell  with  the  same  skin  and  internal  flow  but  without 
reactive  or  absorptive  chambers  or  material.  Noise  will  be 
measured  at  100,  400,  800, and  1600  feet  with  the  silencer  as 
designed,  in  order  to  determine  engine-noise  falloff  with  dis¬ 
tance. 

B.  COMPONENT  TESTS 

In  these  tests,  sections  of  the  drive  shafts,  either  to  the 
main  rotor  or  to  the  tail  rotor,  will  be  removed.  Tail-rotor- 
and-engine  and  main-rotor-and-engine  tests  will  be  conducted 
with  the  helicopter  tied  down.  Noise  will  be  measured  for  a 
range  of  thrusts  of  each  rotor  at  its  operating  tip  speed. 
Microphones  will  be  placed  100  and  200  feet  from  the  tail 
rotor,  and  the  tests  will  be  conducted  with  the  microphones  at 
five  azimuths  from  the  rotor.  For  the  main  rotor,  tests  will 
be  at  a  range  of  200  feet  and  at  the  azimuth  for  minimum  engine 
noise  in  the  frequency  range  of  main-rotor  vortex  noise.  Tests 
will  also  be  conducted  with  a  standard,  unmodified  0H-58A  main 
rotor  operating  at  a  tip  speed  of  600  or  530  feet  per  second, 
depending  on  the  test  configuration  chosen.  A  comparison  of  the 
noise  of  the  standard  and  the  modified  rotors  is  expected  to 
show  the  importance  of  the  tip  modification. 

Noise  of  the  complete  helicopter  will  be  measured  for  a  range 
of  thrusts  at  operating  tip  speeds,  at  a  range  of  200  feet,  and 
at  bearings  of  0,  90,  180, and  270  degrees.  All  tests  will  be 
conducted  in  winds  no  greater  than  5  knots,  during  hours  when 
the  background  noise  at  the  site  is  minimal.  When  possible, 
the  noise  tests  will  be  combined  with  the  helicopter  buildup 
and  ground-run  tests  prior  to  load-level  flight  tests.  Engine- 
on  time  for  all  the  component-noise  tests  is  estimated  at  4 
hours. 

C.  HOVER  AND  FLYOVER  NOISE  MEASUREMENTS 

Noise  will  be  recorded  at  ground  ranges  of  200,  400,  800,  1600, 
and  3200  feet  from  the  helicopter  hovering  at  an  altitude  of 
200  feet.  At  the  200-foot  range,  measurements  will  be  made  at 
0,  90,  180,  and  270  degrees.  At  the  other  ranges,  measurements 
will  be  made  only  at  selected  azimuths.  The  tests  will  be  con¬ 
ducted  over  nearly  level,  grass-covered  terrain  at  the  Bell 
Helicopter  Company  Flight  Test  Center. 


Noise  will  be  measured  during  flyovers  and  flybys  of  the  test 
vehicle  at  an  altitude  of  200  feet,  at  airspeeds  of  50  knots, 

100  knots,  and  maximum  speed.  Flyovers  will  be  directly  over 
the  microphone,  and  flybys  will  be  200  feet  on  either  ,ide. 

Fif teen-second  tape-recorded  records  are  required  io-  each 
hover  data-point.  Each  flyover  and  flyby  test  rur  will  be 
duplicated,  from  opposite  directions. 

D.  AURAL- DETECT  I  ON  TESTS 

The  test  vehicle  and  an  unmodified  OH-58A  will  be  subjected  to 
aural-detection  tests.  The  operating  conditions  will  be: 

-  Head-on  approach  at  50  knots,  100  knots,  and  maximum 
8  peed 

-  Low,  slow  approach,  climb  to  observe,  descent  back 
to  nap-of-the-earth  approach,  and  repeat,  at 
successively  closer  distances 

For  the  head-on  approach  tests,  each  helicopter  will  fly  over  a 
predefined  course  at  a  constant  speed.  Observers  will  be  sta¬ 
tioned  at  points  along  the  flight  path.  Using  stop  watches, 
they  will  note  the  time  at  which  they  hear  the  helicopter  and 
the  time  of  its  flyover.  The  intervals  measured  by  the  obser¬ 
vers  will  be  averaged.  From  these  intervals  and  the  helicop¬ 
ter’s  speed,  the  detection  distances  will  be  calculated.  The 
airspeeds  at  which  detection  distances  are  least,  and  the 
differences  in  detection  distances  for  the  test  helicopter  and 
the  OH-58A,  will  be  determined. 

A  test  day  will  be  selected  on  which  the  wind  is  blowing  5  mph 
or  less.  The  intervals  between  flights  over  the  course  will  be 
kept  as  small  as  practicable  so  as  to  minimize  the  effects  of 
atmospheric  changes.  An  area  with  a  reasonably  constant 
background-noise  level  will  be  selected.  Background  noise, 
wind,  temperature,  and  atmospheric  humidity  data  will  be  mea¬ 
sured  periodically. 

For  the  observation-flight  conditions,  observers  will  be  placed 
on  and  about  the  flight  path,  and  they  will  be  instructed  not 
to  attempt  visual  detection.  Markers  will  be  placed  along  the 
course  at  which  the  aircraft  will  climb  to  an  altitude  of  200 
feet  to  simulate  observation  maneuvers.  The  pilot  will  communi¬ 
cate  hi3  altitude,  position,  and  maneuvers  to  a  ground  con¬ 
troller,  and  the  observers  will  advise  the  controller  when  they 
hear  the  helicopter. 

These  tests  will  start  at  distances  up  to  3  miles  from  the 
observers.  Procedures  will  be  developed  using  a  standard 
OH-58A. 
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E .  AC OUSTICAL  INSTRUMENTATION 


Noise  will  be  recorded  on  magnetic  tape.  The  data-acquisition 
system  will  consist  of  a  Nagra  audio  tape  recorder,  a  Bruel  and 
Kjaer  Type  4131  condenser  microphone  system,  a  power  supply,  a 
wind  screen,  cables  and  a  tripod.  The  recording  system  will  be 
calibrated  before  and  after  each  test,  using  the  Bruel  and  Kjaer 
Type  4220  pistonphone. 

The  data-reduction  system  will  consist  of  the  General  Radio  Type 
1551  octave-band  analyzer,  the  Bruel  and  Kjaer  Model  2107 
constant-percentage  band  analyzer,  the  Bruel  and  Kjaer  Model 
2305  graphic  level  recorder,  and  an  oscilloscope. 

F.  REPORT 

A  final  report  on  the  noise  test  program  will  be  prepared. 
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what  penalties  in  performance  and  mission  capabilities  are  associated  with  the 
application  of  noise-reduction  measures. 

Design  data  are  presented  for  four  configurations.  Two  are  test/demonstrator  ver¬ 
sions  suitable  for  a  flight-test  program  to  verify  the  predicted  noise  reductions. 
The  other  two  configurations  incorporate  design  changes  to  give  an  operational 
quiet  LOH  the  same  payload  and  performance  as  the  OH-58A, 

Perceived  noise  levels  are  affected  by  the  helicopter's  flight  conditions  and  gross 
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minimum  perceived  noise  level  of  28  PNdb.  The  resulting  noise  levels  are  still 
above  the  initial  design  goals  by  12  and  8  PNdb,  respectively. 
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Design  data,  performance,  and  poise  levels  for  all  the  study  configurations  arc 
summarized.  A  program  of  design  modification  and  tests  to  confirm  the  predicted 
noise  reductions  is  presented.;  )  . 
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